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THE  IRON  WORK  FOR  THE  DOME  OF   THE   PRO- 
POSED GOVERNMENT    BUILDING,  WORLD'S 
COLUMBIAN  EXPOSITION,  CHICAGO,  ILL.* 


By  James  C.  McGxjike,  Jun.  Am.  Soc.  C.  E. 


It  is  the  purpose  of  the  author  of  this  paper  to  outline  as  briefly  as 
possible  some  of  the  characteristic  features  of  the  "work,  which  may  be  of 
interest  to  engineers  because  of  its  size  and  method  of  construction.  It 
is  among  the  tallest  domes  in  the  world,  which  are  built  of  any  of  the 
malleable  metals.  That  at  Vienna,  Austria,  exceeds  it,  being  279  feet 
high,  but  is  entirely  different  in  construction,  being  built  like  the  frus- 
trum  of  a  pyramid  instead  of  circular.  This  dome  has  been  designed 
as  only  a  temporary  structure,  and  probably  will  not  remain  in  position 
longer  than  one  year. 

The  Foundations. — The  soil  in  the  part  of  Jackson  Park,  where  the 
dome  is  to  be  built,  has,  by  borings,  been  ascertained  to  consist  for  a  depth 
of  about  3  feet  on  top,  of  black  soil;  then  for  11  i  feet  of  quicksand;  under 
this,  14}  feet  of  soft  clay;  then  hard  pan  was  penetrated  for  a  distance  of 
13  feet.     The  dome  rests  on  sixteen  columns,  and  under  each  column 

*  Designed  by  the  author,  in  the  oflace  of  the  Supervising  Architect,  Treasury  Department, 
Washington,  D.  C. 
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there  are  fifteen  piles.  The  specifications  require  that,  before  getting 
out  the  piles  for  the  work,  the  contractor  must  drive  test  jjiles  in  order 
to  determine  the  actual  length  of  pile  required;  each  pile  to  be  driven 
until  a  hammer  weighing  2  500  pounds,  falling  25  feet,  will  not  sink  the 
pile  more  than  1  inch,  or  equivalent  thereto,  and  the  head  of  the  i^ile  to 
remain  whole,  sound,  and  without  split  or  flaw.  As  there  is  a  load  of 
about  418  000  pounds  on  each  column,  if  this  be  equally  distributed  each 
pile  will  be  required  to  carry  27  860  pounds;  and,  as  nearly  90  per  cent. 
of  this  is  wind  load,  there  will  be  no  difficulty  in  securing  a  good  founda- 
tion. These  piles  have  been  driven,  and  are  from  20  to  30  feet  in  length. 
On  top  of  the  piles  are  three  courses  of  cribbing  for  securely  fastening 
together  the  heads  of  the  diff'erent  piles,  and  rendering  the  whole  rigid 
and  firm;  this  cribbing  is  securely  bolted  to  the  piles,  and  on  it  rests  the 
shoe  of  the  column,  which  is  built  of  eye-beams  and  plates  for  the  pur- 
pose of  distributing  the  pressure  over  a  larger  area  than  is  occupied  by 
the  base  of  the  column. 

27^6  Borne. — The  dome  stands  in  the  center  of  a  rectangular  building, 
420  X  350  feet  (see  Plates  I  and  II) ;  but  it  is  built  entirely  indeiDendent 
of  the  main  building.  At  the  floor  level  the  dome  proper  (not  including 
the  outside  sheathing)  has  an  external  long  diameter  of  118  feet,  and  it 
rises  vertically  115  feet  above  the  floor  level  of  the  rotunda,  to  the 
spring  line.  The  ironwork  finish  is  sixteen  sided,  but  is  architecturally 
treated,  as  seen  from  the  interior  of  the  main  building,  as  an  octagon 
(that  is,  the  outside  of  the  dome  below  the  roof  of  the  main  building). 
After  the  dome  emerges  above  the  roof,  the  finish  is  sixteen  sided  until 
the  cornice  below  the  windows  which  extend  around  the  dome  is  reached, 
and  from  thence  it  is  cylindrical  to  the  springing  line  (see  Plate  I). 
From  the  springing  line  the  exterior  is  the  surface  of  a  sphere,  very 
much  on  the  order  of  the  dome  of  the  United  States  Capitol  at  Wash- 
ington, D.  C.  The  finish  of  the  inside  is  sixteen  sided  throughout  the 
entire  height. 

The  columns  supporting  the  dome  have  a  dej^th  of  6  feet  from 
back  to  back  of  angles,  and  are  composed  of  four  angles  4  x  6J  inches, 
extending  to  the  springing  line,  with  two  14  x  |  inch  cover  plates 
which  extend  about  56  feet  above  the  floor;  the  angles  of  the  columns 
are  latticed  with  double  latticing  at  about  45  degrees  inclination, 
the  latticing  being  composed  of  a  3x5  inch  angle.  These  columns 
are  braced    horizontally   by   struts   in   pairs,    which  form  continuous 
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rings  around  the  dome,  each  jiair  being  from  20  to  26  feet  apart; 
there  is  one  pair  of  struts  just  below  the  springing  line,  and  another 
under  the  floor,  with  four  intermediate  pairs.  The  outside  one  of 
these  struts  is  as  near  the  outside  flange  of  the  column  as  was  j)ossible 
to  place  it;  while  the  inside  strut  is  moved  outwards  a  distance  of  1  foot 
lOi  inches,  because  the  rods  which  are  attached  to  the  struts  and  are  in 
every  other  iianel,  would  (if  the  struts  were  set  against  the  inside  flange 
of  the  columns)  show  after  the  interior  finish  is  in  place,  as  there  is  a 
recess  between  the  columns. 

These  struts  are  composed  of  four  3x4  inch  angles,  double  latticed, 
with  2  X  i^f  inch  lattice  bars,  and  are  18  inches  deep  ;  except  the  first 
strut  above  the  floor,  which  is  24  inches  deep,  and  is  latticed  with 
double  latticing  of  2^  x  3  inch  angles.  These  latter  struts  carry  a 
basket  balcony,  the  floor  of  which  is  28  feet  6  inches  above  the 
first  floor  level ;  there  being  one  of  these  balconies  in  every  other 
panel  over  the  eight  entrances  to  the  rotunda  of  the  dome  (see 
Plate  III).  The  entrances,  also,  are  in  every  other  panel,  as  the 
bracing  between  the  struts  occupies  the  alternate  ones.  Two  of  the 
balconies  are  not  accessible,  the  others  are  entered  by  a  stair  Avhich 
leads  up  between  the  columns  of  the  dome  and  between  the  struts. 
There  are  four  stairways  leading  from  the  first  floor  to  four  of  the  bal- 
conies, and  two  of  the  balconies  are  entered  by  going  from  these  to  a 
gallery  in  the  main  building  outside  of  the  dome,  and  from  this  gallery 
into  the  balconies  in  question. 

The  balconies  extend  back  between  the  columns,  and  four  of  them,  as 
previously  stated,  have  a  stairway  entering  on  one  side,  which  comes  up 
through  the  columns.  Directly  opposite  the  landing  of  the  stairs,  and 
on  the  opposite  side  of  the  balconies,  there  are  four  stairways  starting, 
which  extend  up  to  the  gallery,  the  floor  of  which  is  75  feet  above  the 
floor  of  the  rotunda.  This  gallery  extends  entirely  around  on  the  inside 
of  the  dome,  and  is  supported  on  brackets  fastened  to  the  inside  of  the 
columns  ;  eyebeams  extend  from  one  bracket  to  the  other,  ujjon  which 
the  floor  joists  are  fastened,  which  support  the  floor. 

It  is  not  the  intention  to  admit  the  general  public  above  this  level, 
but  there  is  provided  a  single  stairway  which  leads  from  the  gallery  to 
the  lantern  ;  which  continues  on  through  the  ribs  of  the  dome  and  be- 
tween the  struts,  until  it  is  above  the  springing  line  of  the  dome,  when 
it  turns  and  goes  up  parallel  to  one  of  the  ribs,  it  being  suspended  from 
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this  rib  by  l-inch  round  rods.  The  stairs  are  braced  at  each  suspension 
point  by  five-eighth-inch  guy  rods,  which  extend  out  on  either  aide  and 
are  fastened  to  the  struts  of  the  dome.  The  stairs  are  composed  of  two 
6-inch  channels,  which  form  the  stringers,  with  jiine  treads  bolted  to 
angle  brackets,  which  are  fastened  to  the  stringers  after  the  usual 
manner  ;  and  a  Ij-inch  gas  pipe  railing  on  either  side  of  the  stairway, 
with  the  balusters  of  the  same  screwed  in  cast  iron  lugs  which  are 
bolted  to  the  stringers. 

At  the  gallery  level  there  are  windows  in  every  panel,  extending 
around  the  dome,  which  made  it  necessary  to  do  away  with  the  rod 
bracing  entirely  at  this  level.  In  order  to  strengthen  the  columns  at  these 
points,  large  f-inch  thick  plates,  as  knee-braces,  were  used,  both  at 
the  outside  and  inside  strut ;  these  plates  being  stiffened  by  3  x  3 
inch  angles.  These  plates  were  made  as  large  as  possible  without  inter- 
fering with  the  window  openings,  the  plates  being  on  the  struts,  both 
above  and  below  the  windows  (see  Plate  VII). 

From  the  springing  line  the  ribs  converge  towards  the  center  of  the 
dome.  The  depth  of  the  ribs  is  6  feet  at  the  sjDringing  line  from  back 
to  back  of  angles,  and  at  the  top  of  the  crown  of  the  dome,  it  is  3  feet 
from  back  to  back  of  the  angles,  with  a  circular  opening  at  this  point  of 
17  feet  diameter,  over  which  the  lantern  is  placed.  The  ribs  above  the 
springing  line  consist  of  two  6x6  inch  angles  for  each  flange  ;  the  ribs 
are  divided  into  fifteen  panels,  by  two  3x5  inch  angles,  which  are 
normal  to  the  exterior  flange  of  the  rib,  making  each  panel  a  little  less 
than  6  feet  long  ;  and  in  each  panel  there  is  double  latticing  composed 
of  5  X  3  inch  angles.  Strut  No.  5,  at  the  springing  line,  takes  the  out- 
ward thrust  of  the  ribs  of  the  dome  ;  and  the  ring  at  the  toj)  of  the 
dome,  which  is  3  feet  deep  and  has  a  web  f -inch  thick,  with  chord  angles 
3x5  inches,  takes  up  the  corresponding  inward  thrust.  On  tojj  of  this 
ring,  and  at  a  point  180  feet  10  inches  above  the  floor  of  the  rotunda,  the 
lantern  starts,  and  there  is  a  rib  of  the  lantern  for  each  rib  of  the  dome, 
to  which  latter  the  ribs  of  the  lantern  are  connected.  At  every  third 
l^anel  point  of  the  ribs  above  the  si^ringing  line  there  is  a  strut,  which  is 
the  full  depth  of  the  rib,  composed  of  four  3  x  3J  inch  angles,  double 
latticed,  with  3x3  inch  angles  ;  there  being  four  rings  of  such  struts, 
with  rod  bracing  between  them,  the  rods  continuing  up  in  every  other 
panel  between  the  ribs;  there  being  only  one  set  of  these  rods  above  the 
springing  line  and  fastened  to  the  inside  flange  of  the  struts. 
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At  panel  points  where  there  are  no  struts  the  entire  depth  of  the  rib, 
there  are  struts  18  inches  deep,  which  form  continuous  rings  around  the 
dome,  and  act  as  purHns.  These  purlins  are  composed  of  four  chord 
angles,  2J  x  3^  inch,  with  double  latticing  of  2  x  -{\-  inch  bars.  To  these 
struts  and  the  deep  struts,  at  intervals  of  2  feet,  are  bolted  2x4  inch 
timbers  which  run  vertically,  and  to  which  the  1-inch  sheathing  is 
nailed,  the  sheathing  being  nailed  diagonally. 

The  ribs  of  the  lantern  are  composed  of  four  3x3  inch  angles, 
latticed  with  2  x  -i%  inch  lattice  bars  ;  the  ribs  are  braced  by  horizontal 
rings,  which  extend  around  the  lantern,  and  are  comjiosed  of  a  i^ij-inch 
plate,  with  a  3  x  3  inch  angle,  riveted  to  the  top  and  bottom  of  this  plate; 
these  plates  being  used  in  pairs,  one  on  the  outside  and  one  on  the  inside 
flange  of  the  ribs  of  the  lantern.  Great  difficulty  was  found  in  getting 
suitable  bracing  between  these  rings,  as  the  columns  of  the  lantern  are 
so  close  together  that  if  there  are  rods  between  all  columns,  the  angle 
of  inclination  becomes  very  acute;  so  the  method  was  adopted  as  shown 
on  the  drawing  of  the  lantern.  This  lantern  is  47  feet  1^  inches  high, 
making  the  total  height  from  the  floor  of  the  rotunda,  to  the  top  of  iron- 
work, 227  feet  11^  inches.  As  there  is  a  lot  of  ornamental  work  on  the 
outside  of  this,  the  height  to  the  top  of  the  lantern  may  be  said  to  be 
235  feet  5^  inches,  and  to  the  top  of  flag  pole  is  aboiit  275  feet. 

At  about  the  springing  line  on  the  interior  of  the  dome,  the  diaphragm 
starts,  with  a  radius  of  53  feet  4  inches.  It  is  composed  of  vertical  ribs 
of  two  2J  X  3  inch  angles,  suspended  by  f  incli  rods  from  the  main  ribs 
of  the  dome.  Upon  these  ribs,  at  intervals  of  2  feet  4^  inches,  are  the 
purlins,  composed  of  3  x  3  inch  angles,  to  which  the  galvanized  covering 
of  the  diaphragm  is  fastened.  There  is  a  circular  opening  in  the  top  of 
the  diaphragm  16  feet  diameter,  and  over  this  a  canopy,  which  is  a  por- 
tion of  the  surface  of  a  sphere  with  a  radius  of  11  feet  8^  inches. 

Galculations. — It  is  not  the  intention  of  the  author  to  go  fully  into  the 
calculations  embraced  in  the  design  of  the  proposed  structure,  as  it 
would  be  both  tedious  and  long,  and  therefore  only  the  general  method 
which  was  adojsted  will  be  given. 

First,  the  stresses  in  the  dome  proper  were  found  and  then  in  the 
columns.  The  assumption  to  start  with  was  that  the  dome  is  a  bi'aced 
arch  hinged  at  the  crown  and  ends,  the  ends  being  at  the  springing 
line ;  as  a  matter  of  fact  it  is  all  riveted  up  tight.  The  vertical  loads 
were  determined  on  the  assumj)tion  that,  including  wind,  snow,  and 
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the  dead  weight  of  the  material,  the  vertical  load  would  be  50  pounds 
to  the  square  foot  on  the  horizontal  projection  of  the  surface  of  the 
dome. 

The  braced  arch  was  first  considered,  of  course,  as  of  single  intersec- 
tion for  the  calculations,  and  then  as  of  double  intersection,  considering 
one-half  of  the  stress  to  be  carried  by  one  member  of  a  panel  in  tension, 
and  by  the  other  member  of  the  same  panel  in  comjiression. 

The  diagram  for  these  stresses  is  the  one  marked  "Vertical  Loads  " 
(see  Plate  XI).  One  member  of  this  diagram  had  to  be  computed, 
the  simplest  of  which  was  the  outward  thrust.  This  was  found  by 
taking  the  panel  loads  on  the  horizontal  projection  of  the  surface 
of  the  dome  and  considering  them  as  acting  at  the  panel  points, 
and  taking  the  sum  of  all  the  moments  of  the  forces  around  the  crown. 
Since  the  structure  is  in  equilibrium,  this  is  equal  to  the  moment  of  the 
outward  thrust  by  the  depth;  hence  dividing  the  sum  of  the  moments 
of  these  forces  as  previously  found,  by  the  depth,  we  have  the  outward 
thrust;  then  by  the  diagram  of  forces  it  is  seen  that  a  normal  force  of 
unity,  puts  a  stress  of  tension  in  the  struts  at  the  springing  line  of  2.55; 
and  hence  we  get  the  tension  in  these  struts  by  multiplying  this  normal 
thrust  by  2.55. 

The  sum  of  the  panel  loads  between  the  crown  and  springing  line  is 
equal  to  the  reaction,  and  having  this  and  the  horizontal  thrust,  which 
we  will  call  "T,"  the  diagram  was  constructed  from  which  the  stresses 
iu  all  the  members  of  the  dome  were  easily  found.  The  vertical  loads 
are  given  in  the  table  and  are  marked  "V."  It  is  to  be  noted  at  panel 
one,  that  we  have  the  dead  and  live  load  of  the  lantern  acting  at  this 
point.  The  balcony  around  the  lantern  has  been  considered  filled  with 
l^eople,  the  load  being  at  80  pounds  ijer  square  foot. 

The  next  forces  to  be  considered  are  the  horizontal  wind  forces  act- 
ing on  the  lantern.  As  there  are  the  same  number  of  ribs  in  the  lantern 
as  in  the  dome,  the  author  has  taken  the  vertical  projection  of  one  panel 
of  the  lantern,  assuming  the  wind  to  blow  perpendicularly  to  this  panel 
with  a  force  of  50  pounds  per  square  foot  (this  is  a  very  high  value,  but 
considering  the  exposed  i30sition  which  the  lantern  occupies,  it  is  not 
far  on  the  safe  side),  this  force  on  the  lantern  gives  us  the  shear  at  the 
base;  and  to  find  the  moment  which  this  force  exerts  at  the  foot  of  the 
lantern,  we  have  the  shear  multiplied  by  the  distance  to  the  center  of 
pressure,  which  is  at  one-half  the  height  of  the  lantern. 
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The  stresses  in  the  various  members  from  this  force  are  marked  "  L  " 
and  are  found  by  the  diagram  of  forces  (Fig.  1);  having  calculated  first 
the  stress  in  one  member.  No.  57,  which  is  equal  to  the  moment  previ- 
ously found  divided  by  the  perpendicular  depth  of  the  rib  at  this  point, 
from  this  the  diagram  was  easily  constructed;  we  could  have  found  the 
stress  in  any  other  member  by  simjily  considering  the  truss  at  any  point 
as  having  to  resist  this  moment.  It  will  be  noticed  from  the  table  that 
on  approaching  the  spring  line  where  the  dei:)th  of  truss  becomes  greater, 
the  chord  stress  decreases.     The  chord  stresses  may  be  found  at  any 


Fig.  1. 

point  by  simply  dividing  the  moment  previously  found  by  the  perpen- 
dicular depth  of  the  rib  at  the  desired  point. 

Next  to  be  considered  is  the  effect  of  the  horizontal  wind  force  on 
the  dome  itself.  This  has  been  done  in  the  same  way,  practically,  that 
the  stresses  from  the  vertical  loads  were  found.  The  wind  has  been 
taken  at  50  pounds  per  square  foot  and  considered  as  acting  on  the 
vertical  jarojection  of  one  panel,  and  the  panel  loads  have  been  taken  as 
acting  at  the  panel  points;  from  this  the  reaction  was  found  by  the 
method  of  moments  both  at  the  top  and  bottom  of  the  rib.  The  stresses 
thus  found  are  marked  "H"  (Fig.  2)  and  were  taken  for  the  right  hand 
portion  of  the  rib,  because  of  convenience,  and  only  the  left  half  of 
the  arch  has  been  shown  in  the  plates. 

Stresses  in  Rod  Bracing. — Rod  bracing  has  been  used  in  every  other 
panel,  extending  from  the  ground  to  the  lantern.  Since  we  wish  all  the 
rods  around  the  dome  to  bear  equal  stresses  when  the  wind  is  blowing, 
the  component  borne  by  each  will  be  in  proportion  to  the  projection  of 
their  lengths  on  a  plane  parallel  to  the  direction  of  the  wind.  By 
inspection  it  was  first  found  in  what  direction  in  reference  to  a  braced 
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panel  tlie  wind  would  have  to  blow,  in  order  that  this  projection  might 
be  a  minimum.  The  wind  can  blow  perpendicularly  to  a  braced  panel, 
and  perpendicularly  to  an  unbraced  panel,  and  only  at  points  in  between. 
Now  the  projection  of  the  rods  in  the  direction  of  the  wind  when  the 


Fig.  2. 


wind  is  blowing  perpendicularly  to  a  braced  panel  (the  panel  length  being 
23  feet)  is  llliiy  feet;  and  when  the  wind  is  blowing  perjiendicularly  to 
an  unbraced  panel  it  is  120  feet;  therefore,  when  the  wind  is  blowing 
perpendicularly  to  a  braced  panel  it  is  more  severe  on  the  rods  than  in 


MCGUIRE    ON    IRON   "WORK    OF   DOME.  9 

c 

any  other  direction  from  -which  it  can  blow.  Consequently,  each  panel 
of  rods  carries  twenty-three  divided  by  one  hundred  and  eleven  and  two- 
tenths,  Avhich  is  equal  to  two  hundred  and  six  thousandths  of  the  entire 
thrust  on  the  structure. 

Now  when  taking  the  pressure  on  a  circular  structure  considered  as  a 
whole,  the  value  of  that  pressure  is  i^roportinal  to  six-tenths  of  the  total 
pressure  on  its  vertical  projection.  The  rods  in  the  dome  are  only 
between  the  deep  struts  which  are  in  every  third  panel,  three  panels  of 
the  rib  being  equal  to  one  panel  of  rods.  Now  for  the  first  set  of  rods 
in  the  dome  we  have  acting  at  the  top  the  shear  from  the  lantern,  which 
is  equal  to  its  vertical  projection  multiplied  by  the  wind  pressure  per 
square  foot  (or,  the  same  thing,  its  diameter  multiplied  by  its  height  by 
the  pressure  per  square  foot).  To  this  we  have  to  add  half  of  the  first 
panel  load  on  the  rods,  which  we  consider  acting  at  the  top,  found  by 
taking  the  diameter  of  the  dome  at  this  point  multiplied  by  the  pressure 
per  square  foot,  adding  this  to  the  shear  from  the  lantern,  and  taking 
six-tenths  of  the  total,  gives  us  the  total  stress  which  has  to  be  taken  up 
by  the  rods  at  this  elevation,  and,  as  i^reviously  stated,  all  the  rods  around 
the  dome  carry  the  same,  each  rod  has  to  be  designed  to  carry  two  hun- 
dred and  six  thousandths  of  this  total  pressure.  Multiplying  this  result 
by  the  secant  of  the  inclination  of  the  rods  to  the  struts,  measured 
in  the  plane  of  the  rods,  we  have  the  stress  in  the  rods;  and  so  on  for  each 
deep  strut.  Considering  one-half  the  panel  load  above  and  one-half  the 
panel  load  below  to  act  at  the  ijoiut  in  question,  and  adding,  of  course, 
what  the  rod  above  brings  down;  and  so  on  down  to  the  sjDringing  line. 
When  this  point  is  reached  we  have  two  sets  of  rods,  and  two  sets  of 
struts,  one  on  the  outer  flange  of  the  column,  and  one  near  the  inner 
flange  of  the  coliimn. 

The  rods  in  the  first  two  panels  above  the  rotunda  floor  are  of  the 
same  size  as  they  are  in  the  third  panel  above,  as  the  dome  is  protected 
to  about  the  level  of  the  second  strut  above  the  floor  by  the  main  portion 
of  the  building,  which  is  built  entirely  independent  of  the  dome. 

Stresses  in  Columns  of  Dome. — Starting  at  the  springing  hue  the  stresses 
are  induced  by  three  difi'erent  causes : 

First. — The  vertical,  live  and  dead  loads. 

Second. — Overturning  force  of  the  wind  on  that  portion  of  the  dome 
above  the  springing  line. 

Tliircl. — Direct  wind,  transmitted  to  the  columns  through  the  rods. 
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Taking  the  first  of  these  causes,  we  have  acting  at  the  top  of  the 

■columns  or  the  springing  line  a  certain  load  caused  by  the  vertical  press- 

.  ure  on  the  dome,  which  we  have  already  found;   and   the  author  has 

assumed  that  for  every  lineal  foot  on  each  column  below  the  springing 

line  there  is  a  dead  load  of  200  pounds. 

2d.  The  overturning  effect  of  the  wind  on  that  portion  above  the 
springing  line.  This  was  found  by  taking  the  same  panel  loads  as  were 
used  in  determining  the  stress  in  the  rods;  first  taking  the  pressure  on 
the  lantern,  then  taking  six-tenths  of  it,  as  we  did  before,  multiplying 
this  pressure  by  the  distance  from  the  springing  line  to  the  center  of  pres- 
sure, we  get  the  moment  of  this  force  around  the  sjjringing  line,  and 
treating  each  of  the  panel  loads  the  same,  that  is,  multiplying  them  by  the 
vertical  distance  from  the  springing  line,  and  then  taking  the  sum  of 
these  moments,  we  getthe  moment  of  the  wind  about  the  spring  line; 
this  has  to  be  resisted  by  the  columns,  and  assuming  each  column  to 
carry  an  amount  proportionate  to  the  difi'erent  diameters  of  the  dome, 
measured  from  the  head  of  one  column,  to  the  head  of  the  column 
directly  opposite,  and  taking  the  sum  of  these  distances,  we  have  the 

leverage : 

2  X  116  feet  =  232  feet. 

2  X    98    "     =  196    " 

2x    66    "    =132    " 

2x    23    "    =    46    " 

606    " 
we  have  the  total  leverage  by  which  this  amount  is  resisted  as  606  feet, 
and  dividing  the  total  moment  from  the  wind  as  found  above,  by  this, 
we  have  the  down  push  on  all  the  columns. 

3d,  Direct  wind  stresses:  These  stresses  were  found  by  using  the  same 
panel  loads  as  were  used  in  determining  the  stresses  in  the  rods;  only 
we  multiply  by  the  tangent  of  the  inclination  to  the  vertical,  adding,  of 
course,  at  each  strut  what  has  previously  been  brought  down  to  that 
point  (Fig.  3). 

Stab-  Openings. — Where  the  stairway  passes  through  the  columns,  of 
course,  the  latticing  of  the  columns  has  to  be  omitted,  and  the  maximum 
openings  that  could  be  allowed  were  determined  as  follows:  Let  X  equal 
the  maximum  opening;  then  we  have  the  moment  of  inertia  of  the  sec- 
tion of  one  flange  of  the  column,  around  an  axis  parallel  to  the  long  side 
of  the  angles  and  through  the  center  of  gravity  of  this  section  (as  it  is 


MCGUIRE   ON   IRON  WORK   OF   DOME. 


11 


v:  r--r..:^'^^mf^.km-~i 


for 

ies   C  J<i^^ 

Fig.  3. 


about  this  axis  that  the  column  will 
fail  if  the  opening  is  made  too  great) 
is  to  X,  as  the  moment  of  inertia  of 
this  same  section,  around  an  axis 
parallel  to  the  short  legs  of  the  an- 
gles, and  through  the  center  of  grav- 
ity of  the  section,  is  to  the  distance 
between  struts  ;  having  solved  this 
equation  for  X,  this  opening  was 
found. 

The  uplift  at  the  foot  of  each  col- 
umn was  found  by  simply  takiagthe 
moment  of  all  the  horizontal  forces 
around  the  base  of  the  columns,  and 
as  this  moment  has  to  be  resisted  by 
the  uplift  on  the  anchor  bolts  (plus 
the  dead  weight  of  the  dome),  mul- 
tiplied by  the  effective  diameter  of 
the  dome;  we  have  this  moment  of 
all  the  horizontal  forces,  divided  by 
606  (which  we  previoiisly  found  to 
be  the  eflfective  diameter  of  the 
dome).  From  this  resultant  the  dead 
weight  was  subtracted,  leaving  the 
actual  uplift  on  the  anchor  bolts. 

Specification. — The  material  speci- 
fied for  the  dome  is  mild  steel,  with  an 
ultimate  tensile  strength  from  sixty 
to  sixty-eight  thousand  f>ounds  per 
square  inch,  with  a  percentage  of 
elongation  of  not  less  than  one  mil- 
lion two  hundred  thousand  divided 
by  the  ultimate  tensile  strength  in 
pounds  per  square  inch  ;  and  with 
a  percentage  of  redviction  of  area  of 
not  less  than  two  million  four  hun- 
dred thousand  divided  by  the  ulti- 
mate tensile  strength  in  pounds  per 
square  inch. 
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The  estimated  weight  of  the  iron  and  steel  included  in  the  lantern  and 
dome  is  about  1 265  000  pounds,  the  contract  for  furnishing  which  is  held 
by  Hugh,  Ketcham  &  Co.,  of  Indianai^olis,  Ind.  All  of  this  material 
at  the  date  of  writing  has  been  rolled,  and  the  contract  requires  that  the 
ironwork  shall  be  finished  and  in  place  by  the  fifth  day  of  June,  1892, 
under  a  penalty  of  $100  for  every  day's  delay  beyond  that  date. 

All  material  of  the  dome  is  steel,  except  the  rods,  which  are  iron,  and 
also  some  lattice  bars  for  the  struts. 

The  author  desires  to  express  his  thanks  to  Mr.  H.  W.  Hodge,  Chief 
Engineer  of  the  Union  Iron  Works  of  New  York  City,  for  valuable  assist- 
ance as  to  the  method  of  calculations  received  from  him,  while  design- 
ing this  work. 
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ON    THE   HYDRAULICS  OF  THE  HEMLOCK  LAKE 

CONDUIT    OF    THE    ROCHESTER,    N.    Y., 

WATER-WORKS. 


By  Geoege  W.  Eafter,  M.  Am.  Soc.  C.  E, 


WITH  DISCUSSION. 

The  Eochester  Water-works  were  made  a  dual  system,  involving  a 
domestic  supply  by  gravity  from  Hemlock  Lake  and  a  supply  by  direct 
pressure  from  the  Genesee  River,  for  the  sui)pression  of  fires.  Upon  the 
completion  of  the  line  from  Hemlock  Lake  to  Rush  Reservoir  its  design- 
ing engineers  published  its  capacity  under  normal  conditions,  as  9  292  800 
gallons  in  twenty-four  hours.  In  the  annual  report  of  the  Executive 
Board  of  the  City  of  Rochester  for  the  year  1876  may  be  found  a  dis- 
cussion of  the  hydraulic  questions  involved,  together  with  a  theoretical 
demonstration,  that  the  daily  discharge  of  9  292  800  gallons  was  in 
accordance  with  the  more  recent  determinations  as  to  the  discharge  of 
large  conduits. 

The  source  of  the  domestic  water  supply  of  the  City  of  Rochester, 
Hemlock  Lake,  is  385.6  feet  above  the  city  datum,  and  distant,  along  the 
pipe  line,  about  29.3  miles.     Mount  Hope,  the  distributing  reservoir,  is 
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about  1.4  miles  from  the  center  of  the  city,  and  the  normal  water  sur- 
face is  124.4  feet  above  the  city  datum.  When  filled  to  its  normal  depth 
of  15  feet,  Mount  Hope  Reservoir  stores  22  500  000  gallons  of  water. 
Rush  Reservoir,  intended  chiefly  for  additional  storage,  is  distant  from 
Mount  Hope  46  064  feet  (8.72  miles)  along  the  pipe  line.*  The  normal 
water  surface  at  Rush  Reservoir  is  117.4  feet  above  the  normal  water  sur- 
face at  Mount  Hope,  the  depth  in  the  Rush  Reservoir  being,  at  normal 
elevation,  18  feet.  At  this  depth  it  stores  70  000  000  gallons.  From 
Rush  Reservoir  to  Hemlock  Lake  the  distance  is  101  261  feet  (19.2 
miles)  along  the  jDipe  line,f  and  the  mean  low  water  surface  of  the  lake  is 
143.8  feet  above  normal  water  surface  at  Rush  Reservoir,  or  385.6  feet 
above  city  datum  as  stated  in  the  foregoing.  Leading  from  Hemlock 
Lake  toward  Rush  Reservoir  (see  profile)  the  first  50  776  feet  of  the 
conduit  is  36-inch  wrought-iron  pipe,  this  portion  of  the  line  having 
been  laid  with  a  total  fall  of  21  feet  or  on  a  grade  of  0.411  per  1  000 
feet.  The  diameter  for  the  balance  of  the  distance,  from  the  end  of  the 
36-inch  wrought-iron  pij^e  to  Rush  Reservoir  is  24  inches,  the  material 
being  partly  wrought-iron  pipe  and  partly  cast-iron  as  defined  in  the 
following:  (1)  From  the  end  of  the  36-inch  wrought-iron  pipe  1  914 
linear  feet  of  24-inch  wrought-iron  pipe;  (2)  30  550  lineal  feet  of  cast- 
iron;  (3)  13  809  linear  feet  of  wrought-iron  pipe;  (4)  finally,  4  212  feet 
of  cast-iron  pipe  to  the  face  of  the  gate-house  at  Rush  Reservoir. 
Adding  the  length  for  the  continuation  of  the  pipe  line  to  the  point  of 
discharge  in  the  bottom  of  the  reservoir,  gives  a  total  of  5  222  feet. 
From  the  end  of  the  36-inch  wrought-iron  pipe  to  Rush  Reservoir  the 
grade  is  continuous,  and  taken  to  the  end  of  the  pipe  in  the  discharge 
well  it  is  to  normal  water  surface  at  the  rate  of  2.26  feet  per  1  000. 
Between  Rush  and  Mount  Hope  Reservoirs  the  conduit  is  of  24-inch 
cast-iron  pipe,  with  a  grade,  when  reckoned  from  normal  water  surface 
of  both  reservoirs,  of  2.51  per  1  000  feet. 

In  designing  this  pipe  line  the  engineers  considered  it  desirable  to 
make  two  grades,  forming  thereby  a  compound  conduit.  The  location 
actually  adopted,  however,  involved  a  number  of  cuts,  in  order  to  keep 
the  upper  section  (the  36-inch)  down  to  the  assumed  grade  of  the  line 
located,  and  at  the  several  points  where  these  cuts  occur  the  actual 
position  of  the  conduit  is  shown  on  the  profile  by  a  heavy  line.     At 

*  This  is  the  distance  as  measured  from  face  to  face  of  gate-houses. 
Aleo  measured  from  face  to  face  of  gate-houeee. 
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points  where  tlie  natural  surface  of  tlie  ground  is  below  the  assumed 
limiting  pipe  grade,  the  upper  side  of  the  pipe  is  merely  below  the  sur- 
face of  the  ground  far  enough  to  insure  safety  from  freezing;  but  inas- 
much as  the  profile  is  on  an  exaggerated  scale,  it  is  obviously  difficult 
to  show  the  actual  location  of  the  pipe  in  relation  to  the  ground  surface- 
at  every  point.  In  studying  the  profile  it  is  sufficient  to  remember 
that  at  all  points  other  than  in  the  cuts  where  the  actual  position  of 
the  pii^e  is  shown,  as  already  described,  the  pipe  line  is,  generally  speak- 
ing, nearly  parallel  to  the  surface  of  the  ground  and  from  3  to  5  feet 
below  it,  slight  variations  having  been  made  in  order  to  ease  off  curves- 
at  places  where  the  natural  surface  changes  abruptly.  The  dotted  line 
connecting  the  heavy  portions  indicating  the  pipe  line  in  the  cuts,  may 
be  taken  as  showing  where  the  top  of  the  pipe  would  be  for  the  whole- 
distance,  jsrovided  it  were  laid  in  t)-ain  to  a  continuous  grade,  said  dotted 
line  being  of  course  parallel  to  the  theoretical  gi'ade  line  along  the  center 
of  the  pipe  and  1.5  feet  above  it  for  the  36-inch  section.  From  air  valve 
53  to  Rush  Reservoir  the  conduit  is,  as  indicated  on  the  profile,  24  inches 
in  diameter,  and  the  approximate  position  of  the  hydraulic  grade,  when 
the  conditions  of  delivery  are  such  as  to  give  the  lowest  possible  posi- 
tion of  the  hydraulic  grade,  is  shown  by  a  dotted  line. 

Obviously  the  conditions  which  determine  this  position  of  the  hydraulic- 
grade  are,  that  the  elevation  of  the  lake  surface  be  such  as  to  just  run  the- 
36-inch  section  full  at  the  upper  end,  in  which  case  the  hydraulic  con- 
ditions for  the  i3ortions  of  the  36-inch  conduit  which  are  laid  to  a  pipe 
grade  in  the  cuts  would  be  expressed  by  saying  a  full  pipe  in  train;  the 
hydraulic  grade  of  the  36-inch,  under  these  conditions,  corresponding  to 
the  pipe  grade,  provided  the  resistance  is  the  same  throughout  the  whole 
extent  of  the  36-inch  pipe.  The  approximate  position  of  the  hydraulic 
grade  at  the  time  of  making  the  following  described  tests  is  shown  on  the 
profile  by  broken  line,  thus: (Plate  XII). 

The  foregoing  gives  rather  briefly  the  main  points  in  the  hydraulics  of 
this  pipe  line,  and  we  may  now  proceed  to  a  brief  discussion  of  some  of 
the  recent  determinations  of  the  actual  delivery  of  this  pipe  as  made  by 
the  present  writer  during  the  last  season.  Before  doing  this,  however, 
it  is  proper  to  state  that  when  the  Rochester  water-works  were  considered 
finished  in  1876,  the  population  of  the  city  was  aboiit  82  000.  In  1880- 
it  was  89  000,  and  in  1890  the  census  returns  show  133  896.  This  consider- 
able increase  in  population  has  naturally  led  to  a  large  use  of  water,  and 
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for  the  past  tbree  seasons  the  storage  has  been  so  drawn  upon  as  to  render 
the  situation  at  times  somewhat  alarming.  On  the  1st  of  May,  1890, 
the  storage  at  Rush  Reservoir  was  about  44  000  000  gallons.  As  warm 
weather  came  on  in  June  this  was  drawn  upon  at  the  rate  of  from 
1  000  000  to  2  000  000  gallons  per  day,  and  at  this  rate  of  decrease  it 
could  be  only  a  very  small  number  of  days  before  the  city  would  be  with- 
out any  storage  at  all. 

Mr.  Brush,  in  the  discussion  of  a  paper  on  the  "Fresh  Water  Algse," 
etc.,  which  the  author  had  the  honor  to  read  before  the  Society  about  two 
years  ago,  has  vividly  described  the  excitement  prevaiUng  in  Hoboken  at  a 
time  when  the  water  supply  of  that  city  became  seriously  affected  with 
bad  tastes  and  odors.  His  description  is  quite  tame  in  comparison  with 
the  hubbub  prevailing  in  Rochester  in  1890  at  the  prospect  of  a  serious 
water  famine  in  the  middle  of  the  summer.  The  city  papers  were  filled 
with  editorials  and  communications  from  citizens,  and  at  the  height  of 
the  excitement  the  Executive  Board  of  the  city,  as  being  charged  by  law 
with  the  care  and  maintenance  of  the  water-works,  directed  the  present 
writer  to  take  such  measures  as  would,  if  possible,  avert  a  water  famine 
at  that  time.  The  language  of  the  resolution  of  the  Executive  Board 
directing  such  measures  was  exceedingly  strong,  and  under  its  provisions 
full  authority  was  given  to  adopt  any  precautions  and  make  any  expendi- 
tures necessary  to  produce  the  desired  result. 

During  all  this  time  of  popular  discussion,  everything  said  and 
written  had  been  on  the  supposition  that  the  Hemlock  Lake  conduit 
was  delivering  at  the  rate  indicated  by  the  measurement  made  soon  after 
its  completion  in  1876,  or,  at  the  rate,  under  normal  conditions,  of  about 
9  292  800  gallons  in  twenty-four  hours.  It  appeared  to  the  author, 
however,  that  the  proper  basis  of  any  restrictive  measures  woiild  be  a 
clear  idea  of  the  present  delivery,  and  accordingly,  his  first  step  was 
in  the  direction  of  determining  definitely  what  quantity  was  being 
delivered  at  that  time.  For  this  purpose  four  measurements  were 
made,  and  as  the  mean  of  the  four  it  was  ascertained  that  the  actual 
delivery,  including  allowance  for  evaporation  at  Rush  Reservoir  and 
other  allowances,  Avas  at  the  rate  of  6  742  000  gallons  per  day,  taken  in 
the  discussion  for  even  figures  at  6  700  000  gallons,  a  quantity  represent- 
ing approximately  the  net  delivery.  Relative  to  these  measurements  it 
may  be  stated  that  the  detei-mination  of  the  quantity  of  flow  was  obtained 
by  observing  the  height  to  which  the  water  rose  in  Rush  Reservoir  in  a 
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given  period  of  time.  The  dimensions  of  the  reservoir  being  known,  the 
daily  inflow  is  obtained  by  a  simple  computation.  Three  of  the  four 
observations,  of  which  the  mean  is  given  as  6  712  000  gallons  in  twenty- 
four  hours,  were  for  a  period  of  twelve  hours  and  one  for  a  period  of 
twenty-four  hours. 

At  the  time  of  making  these  measurements  the  surface  of  Hemlock 
Lake  was  considerably  above  normal  surface,  while  the  water  surface  at 
Rush  Eeservoir,  into  which  the  measured  delivery  took  place,  was  several 
feet  below  normal  elevation,  the  difference  due  to  such  departure  from 
the  normal  being  suflScient,  if  the  conduit  were  in  proper  hydraulic  con- 
dition, to  produce  a  delivery  of  about  9  700  000  gallons  in  twenty -four 
hours  instead  of  the  6  700  000  gallons  which  was  actually  found  to  exist; 
that  is  to  say,  the  delivery  was  about  3  000  000  short  of  its  capacity  as 
stated  in  1876. 

In  October  a  further  measurement  of  the  discharge  was  made  by  E. 
Kuichling,  M.  Am.  Soc.  C.  E. ,  for  a  period  of  seven  hours  and  the  fore- 
going results  verified;  the  flow  at  that  time  being,  with  liberal  allow- 
ance for  evaporation,  percolation,  etc.,  at  the  rate  of  a  trifle  over  7  000  000 
gallons  per  day.  The  author's  own  measurements  are  believed  to  be 
accurate  within  limits  of  2  or  3  per  cent.  The  difference  thus  found  to 
exist  between  the  actual  delivery  at  the  present  time  and  the  delivery  as 
stated  in  1876  is  so  exceedingly  marked  that  the  author  has  concluded  a 
brief  discussion  of  the  hydraulic  questions  involved,  together  with  a 
short  statement  of  some  further  investigation,  undertaken  with  a  view 
of  determining  why  the  falling  off  should  be  so  great,  would  be  of 
interest  to  the  Society,  and  this  paper  is  an  attempt  to  briefly  present 
the  same  for  consideration  and  discussion.  The  restrictive  measures 
designed  and  successfully  apiDlied  will  be  described  in  another  paper. 

The  question  of  actual  delivery  being  settled,  the  Executive  Board 
further  directed  the  author  to  make  an  investigation  with  a  view  of  deter- 
mining the  reason  for  the  considerable  loss  in  delivering  capacity  of  the 
conduit,  and  for  such  work  the  numerous  air  valves  along  the  line  offered 
convenient  points  of  attachment  for  the  application  of  piezometers. 
Moreover,  for  the  36-inch  section  the  vertical  distance  from  the  surface 
of  the  ground  to  the  hydraulic  grade  line  was  not  so  great  but  that  actual 
piezometer  heights  could  be  measured  by  setting  up  tubes  of  wrought- 
iron  pipe  and  taking  the  elevation  of  the  top  of  the  piezometric  column 
by  direct  instrumental  observation.     For  the  36-inch  section  and  that 
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portion  of  the  24-incli  above  air-valve  48,  the  determinations  were  all 
made  by  direct  observation  of  the  height  of  the  piezometric  column 
as  indicated,  while  for  the  balance  of  the  line  the  determinations  were 
made  by  the  use  of  pressure  gauges.  As  preliminary  to  the  work  of  de- 
termining the  height  of  the  piezometric  column  at  the  various  air  valves 
along  the  conduit  line  the  levels  were  rerun  from  Hemlock  Lake  to  Rush 
Reservoir  and  new  bench  marks  established  at  or  near  each  air  valve. 
For  this  work  two  levelers  were  employed,  each  working  independent 
of  the  other.  The  conditions  expressed  in  the  instructions  to  them 
were  that  their  work  must  agree  at  any  given  bench  mark  within  0.02  of 
a  foot,  or  failing  to  agree  within  that  limit,  the  work  was  to  be  rerun 
until  this  limit  of  accuracy  was  reached.  The  greatest  variation  on  any 
bench  mark  is  0.015  feet,  and  this  was  secured,  generally  speaking, 
without  rerunning  the  work.  What  this  represents  in  the  way  of  care 
on  the  part  of  the  levelers  may  be  inferred  from  the  character  of  the 
ground  as  indicated  by  the  profile. 

In  taking  the  heights  of  the  columns  at  the  air  valves,  the  stand  pipe 
was  extended  vertically  upward  with  wrought-iron  pipe  of  the  same 
size,  this  being  2  inches  in  the  case  of  one  pattern  of  air  valve  and  three 
and  a  half  in  another.  After  so  extending  the  stand  pipe  temporarily, 
the  valve  was  opened  and  the  column  of  water  allowed  to  rise  to  its 
proper  piezometric  height ;  and  after  waiting  a  few  minutes  the  height  of 
water  surface  was  determined  by  measurement  to  a  jjoint  previously  de- 
termined instrumentally  on  the  air  valve  box  below.  In  a  few  cases  where 
the  piezometric  height  left  the  top  of  the  water  column  below  the  surface 
of  the  ground,  the  measurement  was  taken  from  instrumentally  determined 
points  down  to  the  water  surface  rather  than  up.  The  location  of  points 
where  this  condition  occurred  is  shown  on  the  profile  (Plate  XII).  The 
observations  as  to  height  of  jiiezometric  column  were  all  made  by  two 
independent  observers,  recorded  by  each  in  his  own  note-book,  and  com- 
pared only  after  the  necessary  numerical  computations  for  the  elevation 
of  water  surface  in  the  tube  had  been  made.  On  that  portion  of  the  line 
where  the  distance  from  the  surface  of  the  ground  to  the  hydraulic  grade 
line  is-too  great  to  admit  of  the  application  of  tubes,  and  consequently  the 
direct  measurement  of  the  actual  height  of  column,  pressure  gauges  were 
substituted  as  already  noted.  For  this  purpose  two  gauges  were 
attached  to  each  air  valve  at  the  same  time,  and  allowed  to  remain  for 
half  an  hour.     The  elevations  of  the  centers  of  the  gauges  were  instru- 
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mentally  determined  in  a  manner  similar  to  that  previously  described 
for  the  height  of  piezometric  column,  and  likewise  every  measurement 
and  reading  of  gauge  was  checked  by  two  observers  working  indepen- 
dently. 

From  data  so  derived  the  following  table  has  been  constructed  : 

TABLE  No.  1. 

Showing  location  of  air  valves  on  the  present  conduit  of  the 
KocHESTER  Water-works,  and    the    hydraulic   grades  between 

said  valves  as  actually  existing  in  JuiiY  AND  AUGUST,  1890. 
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1.99 

82 

161x45 

1137 

46 

610x36 

1  895 

338.40 

2.71 

«1 

165x33 

388 

45 

615x14 

478 

337.78 

1.29 

80 

171x20 

587 

44 

660x38 

4  524 

327.35 

2.30 

79 

184x15 

1295 

379.48 

0.46 

43 

662x35 

197 

78 

191x32 

717 

379.20 

0.39 

42 

677x10 

1475 

323.72 

2.17 

-77 

200x92 

960 

378.81 

0.40  ; 

41 

693x23 

1613 

320.03 

2.28 

76 

220x37 

1945 

377.97 

0.43 

40 

699x78 

655 

319.05 

1.50 

75 

230x87 

1050 

377.51 

0.44 

39 

716x35 

1657 

316.05 

1.81 

74 

258x75 

2  788 

375.94 

0.56 

38 

726x16 

981 

311.81 

3.03 

73 

266x06 

731 

375.74 

0.27 

37 

741x80 

1564 

309.19 

1.67 

72 

71 

278x17 
281x19 

12U 
302 

375.24 
375.13 

0.41  i 
0.38  1 

36 

787x63 

4  583 

(300.51 
(305  20 

1.89 

70 

292x51 

1132 

374.64 

0.43 

35 

828x57 

4  094 

298.47 

1.64 

69 

313x17 

2  066 

373.71 

0.46 

34 

849x13 

2  056 

292.38 

2.96 

68 

323x45 

1028 

373.18 

0.51 

33 

856x23 

710 

288.18 

5.91 

67 

332x52 

907 

372.65 

0.58 

32 

867x33 

1  110 

284.45 

3.36 

€6 

343x68 

1  116 

372.29 

0.32 

31 

870x97 

364 

283.10 

3.71 

65 

359x78 

1610 

30 

882x40 

1  143 

279.58 

3.08 

64 

380x38 

2  060 

370.88 

0.38 

29 

897x91 

1551 

272.91 

4.30 

63 

391x08 

1070 

370.39 

0.47 

28 

922x37 

2  446 

265.69 

2.95 

62 

406x26 

1518 

369.65 

0.48 

27 

928x42 

605 

263,65 

3.37 

61 

422x10 

1584 

369.00 

0.41 

26 

948x55 

2  013 

256.07 

3.76 

60 

428x62 

652 

368.36 

0.98 

25 

954x54 

599 

254.62 

2.42 

69 

441x34 

1  272 

367.62 

0.57 

24 

984x04 

2  950 

245.31 

3.15 

68 

463x70 

2  236 

366.61 

0.45 

23 

1  002x67 

1863 

241.79 

1.89 

57 

470x70 

700 

366.28 

0.47 

Reservoir. 

236.77 
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The  foregoing  Table  No.  1,  gives  the  elevation  of  the  hydraulic 
gradient  at  nearly  all  the  air  valves,  and  the  variation  in  the  rate  between 
the  different  valves.  By  way  of  classifying  these  variations  as  to  the  kind 
of  material  of  which  the  pipe  line  is  composed,  Table  No.  2  was  con- 
structed, showing  the  rate  of  hydraulic  gradient  in  the  wrought-iron 
and  cast-iron  sections  separately.  The  air  valves,  however,  are  not 
located  at  the  ends  of  the  different  sections,  and  i^er  consequence  sec- 
tions of  wrought-iron  lap  short  distances  into  cast  and  vice  versa,  the 
amount  of  such  lapping  being  determined  by  reference  to  the  profile  in 
connection  with  the  column  of  remarks  in  Table  No.  2. 

In  reference  to  these  grades  for  short  distances,  it  may  be  remarked, 
that  by  repeating  the  tests  on  different  days  it  was  observed  that  slight 
variations  from  the  previous  results  were  in  some  instances  found.  If, 
however,  we  consider  long  stretches  of  pipe,  as  has  been  done  in  Table 
No.  2,  the  error  incident  to  the  shorter  distances  is  thereby  eliminated, 
and  we  reach  results  which  may  be  accepted  as  representing  the  real 
state  of  the  case  within  a  small  limit  of  possible  error. 

TABLE  No.  2. 


Air    Valve. 

Station. 

Dis- 
tance 

in 
Feet. 

Eleva- 
tion 
of  Hy- 
draulic 
Grade. 

.2  8 

o  ceg 

0)  S-"  o 

Rkmabks. 

Well-house 
at  Lake. . 

63 

63 

36 
24 

0 

508  -f  19 
527  -f  20 

828  -1-  57 
984  +  04 

0 

60  819 
1901 

30  137 
16  547 

387.56 
364.65 
357.37 

298.47 
245.31 

0.45 
3.83 

1.96. 
3.43  J 

36-inch  wrought-iron  pipe. 

24-inch  wrought-iron  isipe. 

14  lineal  feet  24-inch  wrought-iron  pipe. 
30  123  lineal.feet  24-lnch  cast-iron  pipe. 

30  137  =  total  between  valves. 

427  lineal  feet  24-inch  cast-iron  pipe. 
13  809  lineal  feet  24-inch  wrought-iron  pipe. 
1  311  lineal  feet  24-iuch  cast-iron  pipe. 

15  547  —  total  between  valves. 

34 
26 

849  +  13 
954  -f  54 

10  641 

292.38 
254.62 

siesj 

24-inch  wrought-iron  pipe. 
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In  order  to  compare  the  results  of  these  tests,  we  will  assume  that, 
for  the  observed  discharge,  the  rate  of  hydraulic  gradient  in  the  36-inch 
pipe  ought  not  to  exceed  0.3  feet  per  1  000  feet,  while  in  the  24- inch  it 
should  be  1.75  feet  per  1  000,  these  quantities  representing  fairly  the 
results  of  observation  on  clean  pipes  as  determined  by  different  experi- 
menters. Making  the  comparison,  a  number  of  important  facts  are 
shown  to  exist,  as  for  instance: 

First. — That  the  average  rate  of  hydraulic  grade  in  the  36-inch  pipe 
is  50  per  cent,  greater  than  it  should  be  for  clean  pipe  with  the  observed 
discharge. 

Second. — That  in  the  section  of  24-inch  wrought-iron  pipe,  between 
air  valves  53  and  52,  the  rate  of  hydraulic  gradient  is  120  per  cent,  in 
excess  of  the  normal  with  the  observed  discharge. 

Third. — That  in  the  section  of  24-inch  pipe,  between  air  valves  52 
and  35  (30  137  feet  in  length,  of  which  30  123  feet  is  cast-iron),  the  rate 
of  grade  is  only  slightly  in  excess  of  the  normal. 

Fourth. — That  in  the  section  from  air  valve  34  to  25,  all  24-inch 
wrought-iron,  the  rate  of  grade  is  over  100  per  cent,  in  excess  of  the 
normal  for  the  observed  discharge. 

Fifth. — From  all  of  the  foregoing  it  is  further  concluded  that  the 
excessive  resistance  j^revailing  in  this  pipe-Hne  at  the  present  time  is 
mostly  confined  to  the  wrought-iron  section;  the  excess  in  the  cast-iron 
being,  generally  speaking,  only  such  as  may  be  reasonably  expected  in 
pipe  a  long  time  in  use. 

In  the  absence  of  a  thorough  examination  of  the  interior  of  the  pipe, 
positive  statements  as  to  the  exact  cause  of  the  trouble  cannot  be  made, 
though  it  is  not  difficult  with  the  information  now  at  hand  to  form  a 
clear  idea  of  the  location  of  the  difficulty.  An  inspection  of  Table 
No.  1  shows  the  amount  of  variation  in  the  rate  of  grade  at  different 
points.  Occasionally  the  grade  is  substantially  what  it  should  be,  as 
between  air  valves  67  and  66,  where  for  a  distance  of  1  116  feet  it  is  0.32. 
At  a  number  of  places,  however,  the  rate  is  much  higher  than  the  normal, 
and  it  has  been  positively  stated  that  at  these  places  work  of  an  unsatis- 
factory character  was  done  in  the  original  construction.  An  inspection  of 
the  reservoir  record  indicates  that  the  present  flow  has  probably  not  been 
exceeded  for  several  years,  but  the  lack  of  completeness  of  the  record 
renders  it  impossible  to  say  what  the  changes  have  been.  The  present 
flow  is,  however,  so  much  less  than  the  reputed  capacity  of  the  con- 
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duit,  that,  in  the  opinion  of  the  author,  the  Rochester  conduit  can- 
not be  taken  as  proving  the  correctness  of  the  modern  views  as  to  the 
value  of  (7  to  be  used  in  the  formula  V=  G  \/  BS  when  pipes  of  large 
diameter  and  long  lengths  are  under  consideration. 

Note. — The  discussion  on  this  paper  and  the  next  follows  the  latter. 
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ON  THE  MEASURES  FOR  RESTRICTING  THE  USE 

AND  WASTE  OF  WATER,  IN  FORCE  IN  THE 

CITY  OF  ROCHESTER,  N.  Y. 


By  Geokge  W.  Eaeter,  M.  Am.  Soc.  C.  E. 


WITH   DISCUSSION. 


In  a  paper  "  On  the  Hydraulics  of  the  Hemlock  Lake  Conduit  of  the 
Bochester,  N.  Y.,  Water -Works,"  the  author  has  indicated  that  the  present 
population  of  Rochester,  as  per  census  of  1890,  is  133  896,  and  that  the 
daily  delivery  of  water  from  Hemlock  Lake  is  now  only  a  little  over 
6  700  000  gallons,  instead  of  9  292  800,  as  originally  pubHshed.  Ever 
since  1888  the  question  of  constructing  additional  works  has  been  actively 
discussed  by  the  municipal  authorities;  but  a  feeling  of  distrust  on  the 
part  of  many  citizens  as  to  the  immediate  necessity  for  additional  works 
has  thus  far  engendered  an  opposition  sufficiently  strong  to  i^revent,  until 
recently,  the  project  assuming  tangible  form;  and  it  has  therefore  be- 
come necessary  to  make  the  most  economical  use  of  the  present  limited 
supply.  The  measures  adopted  last  year  for  curtailing  waste  and  pre- 
venting unnecessary  use  will  be  briefly  described. 
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Referring  to  the  accompanying  skeleton  map  of  the  pipe  distribution 
system  (Plate  XIV),  it  will  be  seen  from  the  elevations  there  given  that  the 
city  is  chiefly  situated  in  a  nearly  level  plain,  what  little  slope  there  is  being 
from  the  south  towards  the  north.  The  total  area  is  something  like  16 
square  miles,  and  the  proportion  of  this  covered  by  the  distribution  sys- 
tem is  also  shown  on  the  said  map.  All  of  this  area,  except  about  1.5 
square  miles  in  the  business  portion,  which  is  protected  [by  the  Holly 
system,  depends  upon  the  Hemlock  Lake  supply  not  only  for  water  for 
domestic  and  manufacturing  use,  but  for  fire  protection  by  direct  press- 
ure from  the  hydrants  as  well;  and  any  measures  for  restricting  use  and 
decreasing  waste  must,  perforce  of  necessity,  be  designed  with  reference 
to  fire  protection  as  a  controlling  factor. 

In  July  and  August,  1888,  both  of  the  reservoirs  were  so  nearly  depleted 
as  to  leave  only  one  or  two  days'  storage  on  hand,  and  the  situation  was 
nearly  as  alarming  in  the  summer  of  1889.  Fortunately  no  accident 
occurred  either  year  to  interrupt  the  flow  through  the  single  conduit 
from  Hemlock  Lake,  and  the  city  has  thus  far  been  delivered  from  the 
discomfort  of  a  water  famine.  In  the  spring  of  1890,  the  probability  of 
a  recurrence  of  the  deficiency  of  the  two  previous  hot  seasons  led  to  a 
large  amount  of  discussion  as  to  methods  of  restriction,  and  some  of  the 
municipal  authorities  took  ground  to  the  effect  that  the  conditions  were 
such  as  to  render  it  impossible  to  avoid  a  water  famine  during  the  hot 
weather  of  that  year.  As  is  usual  in  such  cases  many  suggestions  were 
made,  but  none  were  sufficiently  comprehensive  to  meet  the  condition  of 
comijelling  a  decrease  in  the  use  and  waste  of  water,  sufiicient  to  bring 
the  daily  consumption  within  the  limit  of  the  daily  supply  and  at  the 
same  time  furnish  fire  protection.  Some  of  these  suggestions  were  in- 
teresting by  reason  of  the  lack  of  appreciation  of  the  conditions  which 
they  presented,  and  one  of  them  may  be  noticed  as  an  example  of  this 
kind.  The  proposition  in  question  was  to  control  the  delivery  to  the 
city  by  partially  closing  the  outlet  gates  at  Mount  Hope  Reservoir,  thereby 
allowing  the  large  supply  mains  leadiug  down  the  hill  to  run  partly  full. 
Inspection  of  the  map  will  show  that  the  general  level  of  the  city  is 
something  over  100  feet  below  Mount  Hope,  and  is  reached  in  a  hori- 
zontal distance  of,  say,  half  a  mile,  and  the  eflfect  of  adopting  this  sugges- 
tion will  be  understood  after  a  brief  description  of  the  fire  system  in  use. 
The  reservoir  is  connected  with  the  fire-alarm  telegraph,  and  ou  receiv- 
ing an  alarm  the  gate-keepers,  who  are  constantly  on  duty,  by  change  of 
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gates  at  Mount  Hope,  immediately  put  the  city  distribution  under  tlie 
additional  pressure  due  to  Rusli  Reservoir.  For  this  purpose  Mount 
Hope  is  cut  out  for  the  time  being  and  the  distribution  system  fed  direct 
from  Rush  instead.  The  plan  for  restriction  that  the  author  is  now  dis- 
cussing also  proposed  to  decrease  the  use  and  waste  by  so  reducing  the 
supply  at  night  as  to  allow  the  supply  mains  to  run  nearly  empty,  thereby 
allowing  the  distribution  system  to  become  partly  empty. 

In  order  to  test  the  rationality  of  this  view  a  computation  of  the  total 
contents  of  the  distribution  system  was  made,  and  it  was  found  to  be 
in  the  vicinity  of  2  200  000  gallons,  and  by  way  of  further  testing  the 
matter  it  was  then  assumed  that  a  fire  alarm  might  come  in  when  the 
distribution  system  lacked  500  000  gallons  of  being  full.  Two  16-inch 
mains  lead  from  Mount  Hope  to  the  city,  and  5  000  gallons  per  minute 
through  each  of  these  was  considered  to  be  the  safe  limit,  or  10  000  gallons 
per  minute  through  both.  Under  the  assumed  conditions  it  would  require 
fifty  minutes  to  fill  the  distribution  system  and  restore  fire  pressure,  dur- 
ing which  time  the  average  fire  would,  of  course,  burn  itself  out.  Even  if 
we  assume  the  distribution  system  as  only  lacking  200  000  gallons  of  being 
full,  and  the  rate  at  which  water  might  be  fed  to  the  city  as  somewhat 
greater  than  indicated  in  the  foregoing,  this  method  of  reduction  is 
still  shown  to  be  impracticable  at  Rochester,  where  the  integrity  of  the 
fire  i^rotection  imperatively  demands  an  immediate  response  to  every 
alarm.  Probably  the  original  hint  for  this  plan  was  obtained  from  prac- 
tice in  the  lower  part  of  the  City  of  New  York,  where  substantially  the 
thing  proposed  for  Rochester  was  in  successful  use  for  three  or  four 
years  previous  to  the  introduction  of  an  additional  supply  by  the  new 
Croton  Aqueduct.  The  conditions  in  New  York  are  not  the  same  as  in 
Rochester.  No  dependence  at  all  is  placed  upon  direct  gravity  pressure 
from  the  street  mains  for  the  suppression  of  fires.  Steamers  are  used  in 
every  case,  and  presumably  in  sufficient  number  to  control  the  worst  fires, 
the  street  mains  furnishing  merely  a  handy  reservoir  system  from  which 
the  steamers  take  suction.  In  Rochester,  on  the  contrary,  steamers  are 
scarcely  used  at  all.  Only  four  are  in  commission  for  the  whole  city,  and 
but  two  of  these  go  to  an  ordinary  fire.  For  several  years  after  the  com- 
pletion of  the  Hemlock  Lake  supply  their  use  was  entirely  discontinued, 
and  the  author  is  under  the  impression  that  a  number  owned  by  the 
city  were  sold  to  other  towns.  The  increased  use  of  water,  however,  has 
naturally  decreased  the  effective  pressure,  and  their  use  has  again  been 
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resorted  to  as  an  auxiliary  to  direct  gravity  pressure  from  tlie  Hemlock 
Lake  system,  outside  the  Holly  district. 

As  warm  weather  came  on  in  the  summer  of  1890  the  use  of  water  in 
the  city  gradually  increased  until  the  daily  use  was  from  1  000  000  to 
2  000  000  gallons  in  excess  of  the  supply,  and  the  storage  was  accord- 
ingly depleted  from  day  to  day  by  that  amount.  The  alarm  occasioned 
by  this  state  of  affairs  at  the  beginning  of  summer  has  been  referred  to  in 
the  accompanying  paper.  Some  of  the  municipal  authorities  still  per- 
sisted in  the  view  that  there  was  absolutely  no  way  of  averting  a  water 
famine,  but  finally  the  Executive  Board  directed  the  author  to  devise 
methods  of  restricting  the  use  and  waste,  as  also  referred  to  in  the  preceding 
paper.  A  study  of  the  conditions  indicated  that  a  reduction  of  pressure 
might  be  made  by  partially  closing  gates  on  the  main  feeding  lines  in 
the  general  level  of  the  city,  without  involving  the  objectionable  features 
of  the  plan  just  discussed.-  Pressure-reducing  stations  were  accordingly 
located  at  the  points  shown  on  the  map — those  at  the  junctions  of  (1) 
South  avenue  and  Caroline  street,  and  (2)  Flint  and  Mansion  streets- 
being  both  on  the  main  16-inch  feeders  to  the  east  side  and  to  the 
west  side  respectively.  By  closing  a  few  gates  on  small  cross  mains  the 
whole  supply  was  passed  through  the  gates  at  these  two  points.  The 
stations  were  furnished  with  fire  gongs  and  telephones,  each  connected 
with  its  own  proper  system.  A  pressure  gauge  attached  to  the  main  at 
that  side  of  the  gate  on  which  the  pressure  was  to  be  reduced,  completed 
the  outfit  of  the  stations.  A  few  pressure  gauges  were  also  located  in. 
private  houses  at  critical  points  in  the  city.  The  station  at  the  junction 
of  Mount  Hope  avenue  and  Linden  sti'eet  was  installed  as  a  precautionary 
measure  purely,  the  only  duty  of  the  attendant  there  being  to  open  gatea 
on  the  cross  lines  in  case  of  an  alarm  of  fire  from  certain  boxes  in  that 
vicinity.  The  station  at  the  junction  of  Strong  and  Seward  streets  on  the 
16-inch  feeding  main  was  for  a  different  purpose.  By  trial  it  was  found 
that  a  very  moderate  reduction  of  pressure  at  Flint  and  Mansion  streets 
left  relatively  high  ground  in  the  vicinity  of  Magnolia  and  Mansion  streets 
without  water,  which  was  remedied  by  the  location  of  the  secondary- 
station  on  the  16-inch  main  at  Strong  and  Seward  streets.  The  closing 
of  the  gate  at  this  secondary  station  deflected  the  flow  of  water  from  the 
main  feeder,  through  the  small  cross  mains  leading  to  the  high  ground, 
and  at  the  same  time  assisted  in  keeping  the  total  flow  within  the 
desired  limit. 
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By  such  a  system  it  became  very  easy  for  a  person  located  at 
a  central  point  and  provided  with  a  telephone  in  connection  with  the 
pressure-reducing  stations,  to  so  mana!5e  the  pressure  in  the  different 
parts  of  the  city  as  to  just  give  a  flow  in  the  second  stories  of  houses 
at  the  higher  points.  This  meant  a  general  lowering  of  pressure 
of  from  10  to  20  pounds,  and  the  immediate  effect  of  this  and  the  other 
restrictive  measures  inaugurated  was  to  reduce  the  use  and  waste  of 
water  something  like  1  800  000  gallons  a  day.  The  draft  on  the  storage 
ceased  at  once,  and  in  sixty  days  both  reservoirs  were  full,  and  there  is 
no  good  reason  why,  with  economical  management,  they  cannot  be  kept 
full,  and  aside  from  street  and  lawn  sprinkling  the  necessary  legitimate 
uses  of  water  be  supplied  for  two  or  three  years,  during  which  time  the 
additional  supply  construction  may  be  completed. 

In  the  way  of  additional  restrictive  measures  other  than  reduction  of 
pressure  in  the  manner  indicated,  a  systematic  house-to-house  inspection 
was  inaugurated,  and  all  horse  troughs  throughout  the  city  were  fitted 
with  automatic  attachments  ;  by  this  latter  expedient  a  saving  of  some- 
thing like  160  000  gallons  a  day  was  produced.  The  summer  season  of  1890 
was  one  of  frequent  rain-fall,  and  the  absence  of  water  for  lawn  sprink- 
ling was  not  felt.  A  large  portion  of  the  street  si^rinkling  in  Rochester 
is  done  with  water  from  the  Holly  system,  and  for  the  last  year  the 
legitimate  use  of  water  from  the  Hemlock  system  for  sprinkling,  had  it 
been  allowed,  would  not  have  exceeded  800  000  gallons  a  day.  The 
effect  of  the  pressure  reduction  system  was,  therefore,  a  net  saving  of  at 
least  800  000  gallons  a  day.  How  this  saving  was  effected  may  be 
understood  by  considering  that  there  are  about  25  000  services  in  the 
city,  of  which  2  850  are  metered.  The  leakage  is  an  unknown  quantity, 
but  in  a  distribution  system  comprising  over  200  miles  of  pipe,  it  may 
be  safely  taken  as  an  appreciable  one ;  and  by  way  of  illustrating  the 
matter  the  author  ventures  to  cite  the  fact  that  a  sixty-fourth  of  an  inch 
opening  under  100  feet  head  will  discharge  something  like  50  gallons  in 
twenty-four  hours,  while  the  same  opening  under  50  feet  head  discharges 
only  about  35  gallons  in  twenty-four  hours.  With  services  under  a 
heavy  pressure  the  tendency  is  to  consume  for  purely  domestic  and 
toilet  uses  more  water  than  is  really  necessary,  and  especially  is  this 
true  when  self-closing  attachments  are  not  used.  This  tendency  is,  of 
course,  corrected  by  decreased  pressure. 

During  the  period  of  about  sixty  days  from  the  middle  of  July  to 
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the  middle  of  September,  1890,  the  use  of  water  from  the  Hemlock 
Lake  system  was  an  average  of  say  6  000  000  gallons  a  day,  amount- 
ing for  a  population  of  133  896 — the  greater  proportion  of  which  are 
fully  served — to  44.8  gallons  per  day  each.  During  the  months  of  July, 
August  and  September  of  the  same  year,  the  use  from  the  HoUy  system 
averaged  2  000  000  gallons  a  day,  or  15.0  gallons  jDer  head  of  the  pop- 
ulation, making  the  total  use  of  water  in  the  city  during  these  hot 
months  an  average  of  59.8  gallons  per  head  per  day.  In  this  con- 
nection, it  is  but  fair  to  again  state  that  the  use  of  water  for  street 
and  lawn  sprinkling  by  hose  was  prohibited  during  the  period  in 
question. 

It  is  unnecessary,  in  a  paper  before  this  Society,  to  amplify  as  to  the 
importance  of  a  definite  knowledge  of  the  flow  of  a  supply  conduit, 
such  as  may  be  obtained  from  frequent  and  approximately  exact  gaug- 
ings.  A  failure  to  obtain  this  information  has  led  (1)  to  cumbering  the 
annual  reports  with  questionable  statistics;  (2)  to  a  long-continued  con- 
troversy as  to  the  necessity  of  an  immediate  additional  supply,  in  which 
the  misleading  of  the  public  as  to  the  real  facts  of  the  case  may  be  con- 
sidered an  injury  to  the  municiijality — a  controversy  which,  however, 
terminated  as  soon  as  the  significance  of  the  gaugings  became  fully  under- 
stood ;  (3)  to  a  general  movement  in  favor  of  metering,  which,  if  carried 
out  under  existing  conditions,  would  have  aggravated  a  situation  already 
sufficiently  unsatisfactory. 

The  author  would  state  that  the  work  detailed  in  this  and  the  former 
paper  has  resulted  in  a  marked  improvement  in  a  number  of  directions 
of  considerable  financial  value. 


DISCUSSION. 


E.  KciOHMNG,  M.  Am.  Soc.  C.  E.— In  reviewing  Mr.  Eafter's  papers, 
one  cannot  fail  to  notice  the  brevity  of  the  description  of  the  data  upon 
which  highly  important  conclusions  are  founded,  and  inasmuch  as  these 
conclusions  are  at  variance  with  the  results  of  experience  elsewhere,  it 
becomes  allowable  to  question  the  premises  upon  which  the  said  conclu- 
sions were  reached,  in  the  hope  that  more  light  will  be  cast  upon  details 
that  have  been  omitted  in  this  paper. 
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Dtaring  tlie  past  year  the  original  field  notes  of  the  piezometer  and 
pressure  gauge  observations  on  the  conduit  mentioned,  as  recorded  by- 
Mr.  Rafter's  assistants,  have  been  in  my  custody,  and  a  careful  study  of 
them  does  not  warrant  me  in  accepting  Mr.  Rafter's  demonstration  of 
his  propositions  as  unqualifiedly  correct  or  satisfactory  for  the  following 
reasons : 

Fi7-st.~The  observations  given  by  Mr.  Rafter  in  Table  No.  1  do  not 
appear  to  have  been  simultaneous,  or  even  taken  on  the  same  day. 
From  the  well-house  to  air  valve  70,  they  refer  to  July  30th  and  31st; 
from  air  valve  69  to  67  inclusive,  to  August  2d  ;  at  air  valve  66,  to 
August  4th  ;  from  air  valve  64  to  63,  to  August  1st;  at  air  valve  61  and 
60,  to  August  4th  ;  from  air  valve  59  to  57,  inclusive,  to  August  Ist;  at 
air  valve  56,  to  the  average  between  readings  taken  on  July  31st  and 
August  5th  ;  from  air  valve  55  to  47,  inclusive,  to  August  4th ;  from  air 
valve  46  to  37,  inclusive,  to  August  5th  ;  the  first  of  the  two  bracketed 
observations  at  air  valve  36  refers  to  August  5th,  while  the  second  refers 
to  August  16th;  and  all  the  remaining  observations  refer  to  August  16th. 
At  air  valves  40  and  41,  moreover,  only  one  or  two  widely  different  read- 
ings of  the  pressure  gauges  at  each  place  on  the  same  day  are  given.  It  is 
also  omitted  to  mention  that  during  the  period  from  July  30th  to  August 
16th,  the  water  surface  in  the  reservoir  at  the  end  of  the  conduit 
rose  3.48  feet,  while  in  the  well  at  the  beginning  of  the  condixit  there 
was  a  falFof  0.15  feet  during  the  same  time.  All  of  the  available  data 
relating  to  these  observations  have  been  compiled  in  the  apijended 
Table  A. 

Second. — It  is  not  stated  that  appreciable  flvifctuations  occurred  in  the 
level  of  the  water  in  the  piezometers,  or  open  stand-pipes,  attached  to 
air  valves  91  to  47,  inclusive,  nor  that  during  the  days  on  which  the  ob- 
servations were  made,  a  number  of  leaky  joints  on  the  36-inch  pipe 
were  being  repaired,  thereby  altering  the  hydraulic  conditions  some- 
what, even  though  the  leakage  may  have  been  relatively  small.  To  indi- 
cate the  magnitude  of  these  fluctuations,  I  would  mention  that  repeated 
observations  at  air  valve  53  have  been  made  by  me  during  the  past 
twelve  months  at  times  when  the  entire  conduit  was  reported  to  be  free 
from  appreciable  leakage  and  no  repairs  whatever  were  being  made 
thereon,  with  the  result  of  finding  irregular  periodic  difi'erences  of  from 
0.05  to  0.07  feet,  when  the  conduit  was  practically  free  from  air  at  the 
numerous  summits;  whereas,  when  the  observations  were  made  without 
having  previously  opened  the  air  valves  along  the  whole  line,  the  fluctua- 
tions were  found  to  be  somewhat  greater,  not  only  at  air  valve  53,  but 
also  at  a  number  of  other  places  where  the  normal  hydraulic  grade  does 
not  rise  above  the  top  of  the  stand-pipe  attached  to  the  valve.  On  the 
other  hand,  among  the  data  left  by  Mr.  Rafter's  assistants  in  the  oflace, 
there  are  records  of  relatively  great  and  sudden  fluctuations  on  the  same 
days  at  air  valves  55,  56  and  57,  of  which  no  explanation  is  given.  From 
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my  own  experience,  I  am  inclined  to  attribute  these  sudden  changes  of 
level  in  the  stand-pipes  to  the  movement  or  escape  of  masses  of  air  which 
had  been  allowed  to  accumulate  at  the  summits,  or  to  gain  admission 
into  the  conduit  through  those  air  valves  on  the  36-inch  pipe  which  also 
serve  as  vacuum  valves,  when  the  discharge  of  said  pipe  is  temporarily 
increased  by  opening  one  of  the  numerous  blow-oflf  valves  for  any  pur- 
pose. This  view  is  confirmed  by  the  statements  of  the  keeper  of  the 
reservoir,  that  during  the  summer  of  1890,  and  for  some  time  previously, 
he  frequently  saw  large  bubbles  of  air  escape  from  the  end  of  the  sub- 
merged inlet  pipe  or  conduit,  and  that  such  discharge  was  often  accom- 
panied by  a  loud  rumbling  sound.  It  therefore  follows  that  without 
proof  of  the  permanence  of  the  hydraulic  conditions  of  the  conduit 
during  the  period  from  July  30th  to  August  16th,  1890,  the  conclusions 
stated  by  Mr.  Eafter  cannot  be  accej^ted  as  scientifically  demonstrated 
facts. 

Third. — In  referring  to  the  observations  with  pressure  gauges,  made 
for  ascertaining  the  elevation  of  the  hydraulic  gradient  at  points  on  the 
24-inch  conduit  where  the  application  of  piezometers  is  impracticable,  it 
is  not  stated  whether  the  same  gauges  were  used  throughout,  nor  how 
such  gauges  were  rated  or  standardized.  Every  one  who  has  had  occasion 
to  make  use  of  such  instruments  has  doubtless  experienced  some  diffi- 
culty in  ascertaining  their  accuracy,  especially  when  small  diflferences 
are  to  be  measured  at  various  pressures,  as  in  this  case.  From  the  field 
notes  it  may  be  inferred  that  up  to  August  6th,  a  pair  of  the  Utica  Steam 
Gauge  Company's  diaphragm  gauges,  Nos.  77  349  and  77  805,  were  used, 
and  that  for  the  observations  taken  on  August  15th  and  16th  a  pair  of 
Schaffer  &  Budenberg  gauges,  Nos.  1  076  544  and  1  076  545,  were  em- 
ployed. In  a  remark  in  said  field  notes,  under  date  of  August  5th,  1890, 
it  is  mentioned  that  one  of  these  gauges,  probably  No.  77  805,  was  "  bad," 
and  that  "  No.  77  805  gives  1  pound  too  much,"  although  no  standard  of 
comparison  is  i  ndicated,  except  the  other  gauge  of  the  pair.  The  only 
record  of  any  test  of  the  gauges  refers  to  Nos.  1  076  544  and  1  076  545, 
and  occurs  at  the  end  of  the  observations  in  the  field  book  of  one  of  Mr. 
Rafter's  assistants,  but  as  this  record  bears  no  date,  it  is  uncertain 
whether  the  test  was  made  before  or  after  the  field  work.  On  inquiry 
from  an  emj^loyee  who  remembered  the  circumstance,  it  was  learned  that 
said  two  gauges  were  tested  by  means  of  a  force  pump  in  comparison  with 
a  "test  gauge"  made  by  the  Utica  Steam  Gauge  Company,  and  owned  by 
the  Woodbury  Engine  Company  of  this  city;  also  that  such  tests  were 
made  before  the  gauges  wore  ai^plied  to  the  air  valves,  and  that  no  test 
was  made  after  they  had  been  so  used.  Furthermore,  it  is  stated  by  Mr. 
W.  J.  Creelman,  the  mechanical  engineer  of  said  engine  company,  that 
while  the  "  test  gauge  "  mentioned  had  originally  been  carefully  stan- 
dardized by  its  makers,  yet  it  had  not  been  compared  with  an  accurate 
standard  for  a  long  time  prior  to  July,  1890,  and  hence  that  its  accuracy 
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at  the  time  of  the  conduit  observations  was  unknown.     Following  is  the 
record  of  the  test  of  said  gauges  as  taken  from  the  field-book : 


Woodbury  (Engine  Company's 

(Schaffer   &    Budenberg)    No. 

(Schaffer  &  Budenberg)    No. 

Test  Gauge). 

1  076  545. 

1  076  544. 

31. 

30 

30.5 

47. 

45 

45.5 

62. 

60 

60.5 

76. 

75 

75.25 

90. 

90 

90. 

104. 

105 

105. 

119. 

120 

120. 

37.5 

35 

35.5 

62. 

50 

50. 

66. 

65 

65.25 

84. 

80 

80. 

94.75 

95 

95. 

109. 

110 

110. 

118. 

120 

120. 

62.25 

60 

50. 

32.6 

30 

30.5 

It  will  be  observed  that  while  the  two  Schaffer  &  Budenberg  gauges 
show  only  slight  differences,  yet  they  vary  materially  from  the  "  test 
gauge  "  with  which  they  were  compared;  and  in  view  of  these  relatively 
large  differences,  it  is  obvious  that  some  measures  should  have  been 
taken  to  ascertain  the  true  ratings  of  the  two  gauges  used  in  the  field 
before  deciding  that  the  friction  in  the  24:-inch  wrought  iron  pipe  is 
so  much  greater  than  in  the  cast  iron  pipe,  since  possible  errors  of  from 
2  to  4  pounds  per  square  inch  will  make  a  very  marked  difference  in  the 
deduced  position  of  the  hydraulic  gradient. 

In  connection  with  this  subject  of  the  accuracy  of  spring  or  dia- 
phragm gauges,  it  may  be  of  interest  to  mention  that  the  Schaffer  & 
Budenberg  gauge  No.  1  076  544  was  tested  a  few  months  ago  with  a 
measured  head  of  10  feet  of  water,  and  the  pointer  barely  moved  from 
the  zero  pin,  the  indication  being  about  one-half  pound  per  square  inch 
pressure  for  this  head.  The  writer  has  also  caused  several  of  the  Utica 
Steam  Gauge  Company's  instruments  to  be  tested  recently  under 
accurately  measured  heads  of  water,  ranging  from  5  feet  to  205  feet,  and 
has  found  errors  in  the  dial  graduations  of  nearly  2^  pounds,  sometimes 
too  much  and  sometimes  too  little.  Temperature  is  likewise  a  factor  in 
determining  the  pressure  with  such  a  gauge.  In  o^jerating  with  an 
aneroid  barometer,  great  differences  are  noticed  between  the  readings  of 
the  instrument  in  the  shade  and  in  the  sun  at  precisely  the  same  spot, 
and  when  a  check  instrument  fails  to  show  any  difference  whatever  in 
the  atmos2>heric  pressure;  and  since  a  diaphragm  pressure  gauge  is 
constructed  on  the  same  principle  as  the  aneroid,  it  follows  that  it  may 
also  be  subject  to  variations  of  indication  of  the  same  pressure  under 
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different  temperatures.     To  obtain  the  proof  of  this  assertion,  the  follow- 
ing experiment  was  made  by  the  writer  a  few  days  ago. 

Gauge  No.  77  348  of  the  Utica  Steam  Gauge  Company  was  attached 
to  a  short  iron  pipe  bent  twice  at  right  angles,  with  two  vertical  and 
one  horizontal  sections.  The  other  end  of  said  pipe  was  connected  with 
a  long  rubber  hose  suspended  from  a  high  window  by  means  of  a  rope 
and  a  steel  tape,  and  water  was  introduced  below  at  the  junction  of  the 
hose  and  the  iron  pipe  by  means  of  a  force  pump,  in  order  to  drive  out 
any  entrained  air.  A  series  of  readings  at  different  measured  heads 
were  taken  with  the  apparatus  at  the  prevailing  temperature  of  the  air 
(62  degrees  Fahr.)  and  the  water  (52  degrees  Fahr.),  whereupon  the 
water  in  the  short  horizontal  section  of  the  iron  pipe  was  heated  by 
means  of  an  alcohol  lamp  to  a  temperature  of  104  degrees  Fahr.  without 
imparting  an  appreciable  quantity  of  heat  to  the  mass  of  cold  water  m 
the  rubber  hose.  After  this  temperature  had  been  maintained  for  about 
one-half  hour,  in  order  that  the  air  which  had  been  compressed  in  the 
gauge  might  also  become  warmed,  as  well  as  the  diaphragm  box,  another 
set  of  readings  at  exactly  the  same  heads  as  before  was  taken.  Th& 
results  thus  obtained  were  as  follows: 


Measure  Head 
of  Cold  Water 
above  Center 
of  Gauge,  in 
reet. 


46.6 
31.6 
16.6 


Corresponding 
Correct  Pres- 
sure in  pounds 
per  square 
inch. 


Pressure  in- 
dicated by 
Gauge  when 
cold. 


20.14 

13.69 

7.19 


Pressure  in- 
dicated by 
Gauge  when 
heated  to  104 
degrees  Fahr. 


19.75 

13.00 

7.60 


Temperature 

of  W'aterin  the 

Hose. 


19.25 

14.00 

7.00 


62  deg.  Fahr. 


Temperature 
of  Air  In 
Shade. 


62  deg.  Fahr. 


The  foregoing  table  clearly  shows  the  effect  of  changing  the  tempera- 
ture of  the  gauge,  or  the  compressed  air  within  the  diaphragm-box 
thereof,  and  hence  also  proves  the  proposition  that  metallic  gauges  are 
not  reliable  as  a  means  of  determining  small  differences  of  pressure, 
unless  carefully  rated  and  adjusted  for  variations  of  temperature. 

Fourth.— Id.  Mr.  Rafter's  paper,  it  has  been  assumed  that  the  nominal 
diameters  of  the  conduit  are  also  the  actual  diameters.  This  assumption 
is  hardly  justifiable  when  dealing  with  the  losses  of  head  in  different 
portions  of  the  line.  To  ascertain  the  facts  in  the  case,  the  writer  has 
recently  caused  a  number  of  the  pipes  which  were  left  over  after  the 
completion  of  the  works  to  be  carefully  callipered,  with  the  following 
results:  The  heaviest  class  of  the  24-inch  cast  iron  pipe  was  found  to  be 
23.97  inches  in  diameter,  while  the  lightest  class  was  24.84  inches  m 
diameter;  of  the  two  intermediate  classes,  no  pieces  were  found  which 
could  be  identified.  In  the  24-inch  wrought  iron  pipe,  the  mean 
diameter  of  the  accessible  sections  forming  "inside"  courses  or  sheet* 
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"was  found  to  be  24.09  iuches.  It  is,  however,  hardly  probable  that  any 
close  uniformity  of  diameter  was  maintained  in  the  manufacture  of 
either  the  cast  or  the  wrought  iron  pipes,  since  iue(|ualities  in  the  for- 
mation and  shrinkage  of  the  cores  of  the  former,  and  appreciable  varia- 
tions in  length  of  sheet  or  i^late  in  the  latter,  are  both  practically  un- 
avoidable. 

Another  omission  in  the  paper  is  in  reference  to  the  means  used  in 
changing  the  direction  of  the  pipe,  both  in  grade  and  alignment,  during 
the  construction.  As  a  matter  of  fact,  the  records  left  in  the  office 
indicate  that  iu  the  36-inch  pipe  there  are  at  least  sixty  abrujit  angles 
or  elbows  with  deflections  ranging  from  5  degrees  to  40  degrees,  and 
that  in  the  case  of  the  24-inch  wrought  iron  pipe  a  large  number  of 
abrupt  angles  ranging  from  8  degrees  to  20  degrees  were  made.  For 
the  cast  iron  pipe,  on  the  other  hand,  a  variety  of  cast  iron  curves  of 
long  radius  were  i3rovided  at  all  places  where  the  deflection  was  too 
great  to  be  made  iu  the  hubs  or  bells.  In  the  wrought  iron  pipe,  some 
of  these  angles  were  made  with  suitable  east  iron  bevel  or  angle  hubs, 
while  the  larger  ones  were  made  by  cutting  one  or  more  sheets  to  the 
required  angle.  It  is  also  a  fact  that  the  cast  iron  pipe  was  used  where 
the  route  was  smoothest,  as  will  be  seen  by  reference  to  the  profile 
exhibited,  and  hence  in  estimating  the  friction  loss  in  the  wrought  iron 
sections,  due  allowance  for  loss  of  head  from  abrupt  changes  of  direction 
should  be  made.  The  question  accordingly  arises  how  great  such  losses 
of  head  actually  are  in  the  case  under  consideration,  and  to  this  the 
writer  is  at  present  unable  to  give  any  ailswer,  since  he  is  unacquainted 
with  any  experiments  of  this  kind  with  pipes  of  the  magnitude  here 
presented.  It  may  also  be  remarked  that  a  small  allowance  for  head  due 
to  velocity  sIk  uld  be  made  in  considering  the  hydraulic  grade  between 
air  valves  52  and  53. 

To  further  illustrate  the  uncertainty  of  the  data  derived  from  the 
jjressure  gauge  records,  attention  is  invited  both  to  the  accompanying 
Table  A,  and  to  the  profile  or  diagram,  Plate  XIII,  giving  a  graphical 
representation  of  this  table.  A  striking  example  is  aftbrded  by  the  records 
of  the  observations  at  air  valves  40  and  41  on  August  5th,  where,  in  a 
length  of  655  feet  of  cast  iron  joipe,  an  ascending  hydraulic  grade  of  2. 18 
per  thousand  is  found  in  the  forenoon,  while  in  the  afternoon  of  the  same 
day  the  grade  is  found  to  be  descending  at  the  rate  of  0.98  per  thousand; 
but  on  August  16th,  the  same  grade  is  found  to  be  descending  at  the  rate 
of  2.15  per  thousand.  Another  examj^le  is  given  by  the  records  at  air 
valves  30  and  31,  which  are  on  the  24-inch  wrought  iron  pipe  and  1  143 
feet  ai)art.  Here  on  August  5th,  a  grade  of  0. 11  per  thousand  is  deduced, 
while  on  the  15th  the  computation  makes  the  grade  2.94,  and  on  the 
16th  it  becomes  3.52  per  thousand.  Still  another  case  is  presented  at 
air  valves  25  and  26,  which  are  599  feet  apart  on  the  24-inch  wrought 
iron  pipe,  and  where  on  August  15th,  we  find  a  hydraulic  grade  of  0.29 
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per  thousand,  with  the  particular  remark  that  the  "  gauges  were  tried 
several  times  "  on  that  day,  while  on  the  following  day  the  computed 
grade  is  1.45  per  thousand.  It  will  be  noticed  that  in  some  of  these 
instances  the  computed  grade  in  tlie  wrought  iron  pipe  is  much  less 
than  the  average  grade  in  the  cast  iroQ  sections,  thus  proving  either  the 
reverse  of  Mr.  Rafter's  proposition,  or  else  that  local  obstructions  occur 
in  the  other  sections  of  the  wrought  iron  pipe.  Unfortunately,  however, 
a  rigid  cross-examination  of  some  of  the  foremen  and  mechanics  who 
were  employed  in  the  construction  of  the  works,  failed  to  elicit  much 
definite  information  as  to  the  location  of  any  obstruction,  except  that  at 
a  certain  place  iu  the  cast  iron  pipe,  where  it  was  alleged  that  at  least 
700  pounds  of  molten  lead  had  been  poured  into  the  pipe  through  a  defec- 
tively yarned  sleeve  joint.  Pressure  gauges  appear  to  have  been  applied 
at  distances  of  162  feet  on  each  side  of  this  particular  spot,  but  the 
results  were  apparently  unsatisfactory,  since  the  resulting  hydraulic 
grade  was  found  to  be  only  1.08  per  thousand,  or  less  than  one-half  of 
the  average.  It  is  believed  that  the  foregoing  illustrations  will  suffice 
to  point  out  some  of  the  uncertainties  which  are  attendant  ui^on  the  use 
of  ordinary  pressure  gauges  as  instruments  of  precision. 

It  is  also  proper  to  remark  in  this  connection  that  the  writer  has  no 
intention  of  disjjuting  the  correctness  of  the  various  observations  and 
data  ijrcsented  by  Mr.  Rafter,  nor  of  underrating  his  woi'k,  but  he 
simply  desires  the  presentation  of  all  the  facts  in  the  case  before  judg- 
ment is  passed.  As  the  matter  now  stands,  it  may  be  conceded  on  broad 
lines  that  the  friction  in  smooth  and  new  cast  iron  pipe  is  somewhat  less 
than  in  similar  riveted  wrought  iron  pipe,  owing  to  the  obstruction  caused 
by  rivet  heads  and  the  frequent  alterations  of  diameter  in  passing  from 
the  inside  to  the  outside  courses  or  sections;  but  it  scarcely  seems  prob- 
able that  the  difference  is  as  great  as  claimed  by  Mr.  Rafter,  if  due 
allowance  for  resistances  caused  by  abrupt  changes  in  direction  is  made. 
On  this  latter  point,  therefore,  more  light  is  needed,  and  meanwhile  it 
may  be  considered  that  the  enormous  differences  in  friction  urged  by 
Mr.  Rafter  have  not  been  conclusively  demonstrated. 

Concerning  the  existence  of  any  appreciable  obstruction  in  the  pipes 
at  any  point,  it  may  be  mentioned  that  no  satisfactory  evidence  thereof 
has  yet  been  manifested  by  any  test  thus  far  applied.  At  the  point 
where  the  diameter  of  the  conduit  changes  from  3  feet  to  2  feet,  which  is 
about  midway  between  the  lake  and  Rush  Reservoir,  a  long  steel  probe 
was  inserted  through  a  specially  designed  taji,  and  the  interior  of  the 
pipe  for  a  length  of  about  6  feet  found  to  be  absolutely  free.  A  similar 
exploi-ation  with  like  result  was  also  made  at  the  tapering  casting  at 
Rush  Reservoir  where  the  conduit  divides  into  two  branches,  one  lead- 
ing into  the  reservoir  and  the  other  communicating  with  the'piiie  run- 
ning to  Mt.  Hope  Reservoir.  It  was  thought  that  at  these  two  j)oints 
any  loose  plank  or  timbers  left  in  the  pipe  during  construction  might 
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possibly  have  become  lodged,  but  the  examinations  have  proved  other- 
wise. All  of  the  blow-oflfs  at  the  principal  depressions  in  the  conduit 
lines  were  likewise  opened  with  the  expectation  of  removing  any  accu- 
mulations of  sand  or  mud;  the  discharge  was,  however,  practically  clear 
water  in  every  instance,  and  hence  no  evidence  of  obstruction  from  such 
a  cause  was  gained. 

Owing  to  the  inexpediency  of  emptying  the  conduit,  no  knowledge 
of  the  condition  of  its  inner  surface  is  now  available,  except  what  was 
obtained  from  the  two  probings  above  mentioned,  in  which  no  evi- 
dence of  tuberculation  by  rust,  mineral  incrustation,  sediment  or  vege- 
table growth  was  found.  The  only  clue  thus  far  obtained  consists  in  the 
discovery  of  an  extensive  growth  of  spongilla  on  the  interior  surface  of 
the  24:-inch  cast  iron  effluent  pipe  from  Rush  Eteservoir,  on  each  side  of 
the  stop  gate  in  the  gatehouse.  This  gate  has  long  been  out  of  order, 
and  it  was  repaired  on  September  19th,  1890,  the  mouth  of  the  pipe  in 
the  screening  well  of  the  reservoir  being  temporarily  closed  for  this  pur- 
pose by  a  plank  shutter,  whereupon  the  dome  of  the  gate  could  be  un- 
bolted and  removed.  An  opi^ortunity  was  thus  aftbrded  to  examine  the 
interior  of  the  pipe  for  a  short  distance  on  each  side  of  the  opening,  and 
it  was  found  that  the  top  and  sides  of  the  pipe  as  far  as  arm  could  reach, 
as  well  as  the  inside  of  the  gate  castings,  were  entirely  covered  with  the 
growth  mentioned.  A  significant  circumstance  was  that  the  pitch  coat- 
ing of  the  iron  pipe  appeared  to  peel  off  along  with  the  foreign  matter 
and  remained  adhering  to  the  roots  of  the  latter.  Considerable  cor- 
rosion was  also  noticed  in  places  on  the  inner  surface  of  the  gate  cast- 
ings, while  the  brass  facings  or  seats  were  covered  with  a  thin  film  of 
calcareous  or  silicious  matter  which  was  easily  scraped  off  with  chisels. 

The  occurrence  of  such  growths  in  cast  iron  water  mains  is  not  un- 
usual. In  a  paper  on  the  subject  which  was  read  before  the  American 
Society  of  Civil  Engineers  on  October  15th,  1884,  by  Mr.  Desmond  Fitz- 
Gerald,  Resident  Engineer  on  the  Boston  Water  Works,  the  author 
states  that  "he  has  seen  large  mains,  iinder  a  pi-essure  of  100  feet,  where 
the  entire  surface,  as  far  as  examined,  was  filled  with  masses  of  sponge 
closely  packed  between  and  around  the  tubercles  (or  accretions  of  rust). 
He  has  also  seen  them  in  all  stages  of  growth.  Within  a  few  days  a 
break  in  a  4:8-inch  main  gave  an  opportunity  to  examine  the  sponge  in 
company  with  Professor  Hyatt,  who  recognized  the  young  sponge  a8 
Spongilla  lacustris,  variety  Flexis  pina.  Flushing  will  not  remove  this 
growth.  Some  form  of  scraper  or  wire  brush  is  necessary."  Similar 
experiences  have  also  been  recorded  by  engineers  in  other  cities,  and  it 
hardly  seems  necessary  to  enlarge  further  upon  the  subject. 

E.  Sherman  Gould,  M.  Am.  Soc.  C.  E. — I  regret  very  much  not 
being  able  to  be  j) resent  at  the  reading  of  these  interesting  papers,  and  to 
take  part  in  the  oral  discussion  of  the  same.  It  would  be  very  desirable 
to  know  what  kind  of  wrought  iron  pipe  was  used,  for  the  experiments 
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seem  to  show  that  the  flow  is  much  less  free  in  the  wrought  iron  than  in  the 
cast  iron  sections.  The  actual  flow,  as  compared  with  that  originally  cal- 
culated, seems  to  be  accouuted  for  by  the  author  in  the  summary  at  the 
end  of  the  pajjer,  at  least  in  part,  by  the  statement  that  unsatisfactory  work 
was  stated  to  have  been  done  in  some  places  where  the  worst  results  were 
obtained.  What  was  the  nature  of  this  unsatisfactory  work,  and  was 
the  pipe  line  as  a  whole  below  the  average  standard  of  ordinarily  good 
work?  These  questions  are  very  important,  because  the  tendency  of 
hydraulic  engineers  seems  to  be  to  use  formulas  giving  higher  and  higher 
rates  of  discharge,  which,  as  it  seems  to  me,  in  view  of  the  many  i^roba- 
ble  imperfections  which  are  liable  to  exist  in  even  well  iusi^ected  work, 
is  of  very  questionable  wisdom. 

Table  No.  2  is  exceedingly  instructive.  In  that  we  see  that 
some  51  000  feet  of  wrought  ii-on  36-inch  pipe  is  connected  with  1  900 
feet  of  wrought  iron  24-inch  pipe,  and  further  down  in  the  same  line 
there  are  about  10  500  feet  more  of  wrought  iron  24:-inch  jiipe.  The  hy- 
draulic grade  line,  as  determined  by  actual  experiment  with  piezometric 
tubes  and  pressure  gauges,  gives  0.45  feet  per  thousand  for  the  3G-ineh 
pipe,  3.83  feet  for  the  first  section  of  24-inch  pipe  and  3.58  for  the 
second.  These  figures  give  us  the  means  of  checking  their  own  correct- 
ness. For  whatever  quantity  of  water  jiassed  through  the  36-inch  pipe 
jier  second  must  have  also  passed  through  the  24-inch  pipes  in  the  same 
time.  Now,  the  discharging  capacities  of  pipes  of  different  sizes  are  as 
the  square  roots  of  the  fifth  j^owers  of  the  diameters.  Therefore  the 
discharging  capacity  of  the  36-inch  pipe  is  2 .  76  times  that  of  the  24-inch. 
Moreover,  using  Darcy's  co-efficients  for  rough  pipes,  the  ratio  in  favor  of 

64 
86-inch  pijie  is  ^  =  1 .  032.     Therefore  the  total  capacity  of  the  36-inch 

liipe  is  2 .  85  times  that  of  the  smaller.  As  the  same  volume  of  water  j^er 
second  must  pass  through  the  two,  the  ratio  of  their  respective  losses  of 
head  must  counterbalance  the  2.85  factor  of  the  large  pipe.  Now  the 
discharging  capacities  of  pijies  are  as  the  square  root  of  their  losses  of 
head,  consequently  the  loss  of  head  of  the  36-inch  pipe  being  0.45  per 
thousand,  that  of  the  24-inch  should  be  3.755,  in  order  that  the  ratio  of 

their  square  roots  may  be  .     But  by  actual  measurement  this  loss 

2 .  85 

of  head  was  in  one  case  3.83,  and  in  the  other  3.58,  the  average  of 
which  is  3 .  70,  which  is  a  very  close  agreement  with  the  result,  3 .  755,  of 
calculation.  We  may  therefore  accept  the  measurements  as  being  rather 
unusually  accurate. 

Another  fact  arrests  our  attention.  The  j^robable  discharge  of  the 
system  was  predicted,  from  previous  calculations,  as  9  292  800  gallons 
per  twenty-four  hours,  or  14 .  39  cubic  feet  per  second.  It  is  to  be  re- 
gretted that  the  formula  used  was  not  given.  By  actual  recent  measure- 
ment the  present  discharge  was  found  to  be  6  742  000  gallons  per  twenty- 
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four  hours,  or  10.43  cubic  feet  per  second.  That  is,  the  former  elaborate 
calculation  is  for  some  reason  nearly  38  per  cent,  in  excess  of  the  present 
reality. 

Now  let  us  see  how  a  very  rough  and  ready  formula  would  have 
fitted  the  facts.  Granting  a  considerable,  but  highly  probable,  degree 
of  roughness,  leakage  or  other  modifying  imperfections,  a  long  pipe,  1 
foot  in  diameter,  with  a  grade  of  1  foot  in  1  000,  will  discharge  1  cubic 
foot  of  water  in  one  second  of  time.  This  fact  enables  us  to  write  the 
two  simple  formulas: 


in  which: 


\|  H 
Q=  -/  D'  xH (2) 


H (1) 


D  =  diameter  in  feet. 

Q  =  cubic  feet  per  second. 

fl"=  loss  of  head  per  thousand. 

Now  taking  the  case  of  the  36-incli  pipe,  in  which  fi'=:0.45,  we 
have,  using  equation  (2):  Q  ^^  10.46,  that  is,  a  discharge  of  10.46  cubic 
feet  per  second.  But  the  actual  discharge,  by  direct  measurement,  was 
10.43  cubic  feet  per  second;  therefore  the  formula  gives  a  practically 
identical  result.  As  api^lied  to  the  24-inch  pipes,  tlie  results  are  not  so 
close,  for  the  3.83  grade  gives  11.07  cubic  feet  per  second,  and  3.58 
gives  10.70  cubic  feeti^er  second.  These  discrepancies,  however,  are  in 
the  right  direction,  for  if  the  above  formula  gives  a  right  result  for  a 
pipe  of  a  certain  diameter,  it  will  give  too  large  a  result  for  a  similar 
pipe  of  smaller  diameter,  and  too  small  a  one  for  a  pipe  of  larger  dia- 
meter. 

To  me,  one  of  the  most  important  features  of  these  experiments  is 
that  they  emphasize  the  fact  that,  in  view  of  the  many  retarding  influ- 
ences at  Avork  inside  of  an  ordinary  pipe  line,  particularly  after  the  lapse 
of  years,  during  which  the  consumption  is  increasing,  it  is  unwise  to  i^ut 
faith  in  hair-splitting  formulas  which  raise  false  hopi^s  as  to  the  cajjacity 
of  the  pipes. 

It  appears  to  me  that  the  measures  taken  by  the  author  for  restrict- 
ing waste  were  wise  and  intelligent.  The  distributing  pipes  of  a  large 
city,  particularly  when  the  circuits  are  connected,  constitute  a  compli- 
cated arterial  system  in  which  the  pressures  at  different  points  cannot  be 
even  approximately  foretold.  If  it  is  desired  to  obtain  an  even  distri- 
bution of  water  in  such  cases,  the  use  of  gates  and  gauges  as  described 
in  the  second  paper  seems  to  be  inevitable. 

KuDOLPH  Hering,  M.  Am.  Soc.  C.  E. — Mr.  Kafter's  first  papor  closes 
as  follows:  "  In  the  opinion  of  the  author  the  Rochester  conduit  cannot 
bs  taken  as  proving  correctness  of  the  modern  views  as  to  the  value  of 
c  to  be  used  in  the  formula  v  =  c  ^ ~KS~\\\iei\  pipes  of  large  diameter 
and  long  lengths  are  under  consideration." 
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Shortly  before  concluding,  Mr.  Rafter  assumes  certain  hydraulic 
elements  as  to  graelients,  etc.,  and  compares  the  results  obtained  there- 
from with  the  results  of  the  gaugings,  and  draws  certain  conclusions,  the 
fifth  of  which,  as  a  summary,  cannot  be  gainsaid.  But  he  says  further, 
"considerable  doubt  is  thrown  by  the  results  of  these  tests  upon  the 
original  determination  of  the  daily  flow  of  9  292  800  gallons  in  twenty- 
four  hours,  and  until  a  thorough  history  of  the  interior  of  the  pipe  is 
available,  it  must  be  considered  an  open  question  as  to  whether  such  flow 
has  ever  taken  place." 

It  is  my  purpose  to  present  a  few  calculations  resjiecting  this  pipe 
line,  based  on  other  gaugings,  to  show  that  when  the  pipes  were  new, 
the  discharge  of  9  292  800  gallons  must  have  been  very  nearly  the  true 
one,  and  that  the  information  given  by  Mr.  Rafter  does  not  disprove  the 
correctness  of  the  modern  views  as  to  the  value  of  c. 

I  shall  use  for  the  calculations  the  data  given  in  Table  No.  2,  com- 
prising the  results  of  recent  gaugings,  and  I  shall  assume  that  in  the 
third  and  fourth  sections  the  pipes  are  cast  and  wrought  iron  respectively, 
for  their  whole  length.  This  assumption  will  cause  an  error  in  the 
final  result,  but  a  comparatively  small  one,  that  will  not  vitiate  the  gen- 
eral results,  and  simplify  the  calculations. 

Hydraumc  Elements,  Rochester  Conduit. 


Air 

Length  in 

Diameter  of 

pipe. 

Slope 
per 

Mean 
velocity    in 

leet 
per   second. 

Co-efiacients. 

valves. 

feet. 

1000. 

e 

n 

Well  house 

at  lake  to 

53 

50  819 

36  inches,  wrought. 

0.45 

1.47 

80.4 

.0168 

53  to  52  ... . 

•  1  901 

24      " 

«' 

3.83 

3.32 

76.0 

.0166 

52  to  35  .... 

30  137 

(        14  feet  24      " 
(30  123     "    24       " 
(       427     "    24       " 
'.13  809     "24       " 

cast.          ( 
"           / 

1.95 

3.32 

106.4 

.0125 

35  to  24  ... . 

15  547 

wrought  I 

3.43 

3.32 

80.2 

.0158 

(   1  311     "    24      •' 

cast.          ) 

34  to  25  .... 

10  541 

24      " 

wrought. 

3.58 

3.32 

78.5 

.06 

In  the  above  table  these  data  are  partly  repeated  and  I  have  added 
three  columns  in  which  there  are  given  resj^ectively,  the  mean  velocity 
of  the  pipe,  the  co-efficient  c  in  the  Chezy  formula  and  the  co-efficient  u 
in  Kutter's  formula.  The  latter  represents  the  resistance  mainly  due  to 
the  roughness  of  the  wetted  perimeter,  such  as  they  exist  in  the  pipe  at 
the  present  time.  It  Avill  be  noticed  that  the  values  for  wrought  iron 
pipe  in  the  different  sections  are  0.0168,  0.0166,  0.0158  and  0.0161  re- 
■spectively,  and  that  the  value  for  the  cast  iron  pijse  is  0.0125. 

The  difference  in  the  values  of  n  referring  to  the  different  sections  of 
wrought  iron  pipe  agree  well  among  each  other.     From  other  gaugings 
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of  cast  and  wrought  iron  j^ipes  that  have  been  in  use  for  a  number  of 
years,  this  co-efficient  of  roughness  (.0158  to  .0168)  indicates  a  consid- 
erable degree  of  tuberculation. 

For  instance,  a  main  in  Jersey  City  gauged  by  Mr.  Bailey  in  1867 
(Fanning,  "  Treatise  on  Hydraulics  "),  measuring  29  715  feet  in  length 
and  20  inches  in  diameter,  known  to  be  heavily  tuberculated,  give  a  co- 
efficient of  roughness  of  n  =  .0166.  The  Croton  main  gauged  by  Kirk- 
wood  in  1867  is  11.217  feet  long  and  3  feet  in  diameter,  also  known  to 
be  heavily  tuberculated,  gives  a  co-efficient  of  n  =  .0168. 

The  co-efficient  of  roughness  in  the  cast  iron  section  (.0125)  indi- 
cates but  a  slight  change  from  the  co-efficient  for  new  pipe.  Gaugings 
of  new  cast  iron  pipe  give  values  as  follows:  In  Hamburg* a  20-inch  pipe 

3  514  feet  long  gives  a  co-efficient  varying  from  .0112  to  .0119,  accord- 
ing to  the  velocity,  which  corresj)ondingly  varies  from  0 .  70  to  2 .  50  feet 
per  second. 

At  Hackensack,  New  Jersey,*  a  20-inch  pipe,  75  000  feet  long,  having 
a  number  of  bends  and  angles,  gives  a  co-efficient  varying  from  0.0110 
to  0 .  0127,  for  velocities  ranging  from  2  to  3  feet  per  second. 

At  Philadelphia*  a  30-inch  pipe  20  200  feet  long,  with  easy  curves, 
gives  a  co-efficient  varing  from  0.0113  to  0.0128,  as  the  velocities  ranged 
inversely  from  3.23  to  1.47  feet  jjer  second. 

In  the  Sudbury*  conduit  a  4-foot  pipe  1  747  feet  long,  with  easy 
curves,  gives  a  co-efficient  varying  from  0.0105  to  0.0109,  for  velocities 
varying  from  2.6  to  6.2  feet  per  second. 

The  co-efficient  of  roughness  for  new  pipe  under  the  above  condi- 
tions varies  therefore  from  .0105  to  .0128,  while  that  found  in  the 
Rochester  conduit  is  .0125.  Mr.  Rafter's  fifth  conclusion,  that  the 
excessive  resistance  is  mostly  confined  to  the  wrought  iron  section,  is 
therefore  substantiated  by  the  gaugings  of  other  and  similar  conduits, 
and  in  a  very  satisfactory  way,  for  pipes  of  large  diameter  and  long 
lengths;  also  by  means  of  the  modern  formula  and  views  as  to  the  value 
of  c  in  the  Chezy  formula. 

Let  us  now  ascertain  the  results  of  these  same  views  with  reference 
to  the  isrobable  discharge  of  the  conduit  when  it  was  new.  Darcy* 
gauged  a  new  wrought  iron  pijie  about  12  inches  in  diameter  and  3(55 
feet  long  with  velocities  of  1.3  and  3.9  feet  per  second,  the  co-efficient  of 
roughness  being  respectively  .0110  and  .0098. 

H.  Smith,  Jr.,*  gauged  similar  jiipes  nearly  13  and  15  inches  diam- 
eter and  each  about  700  feet  long  with  velocities  4.4  and  4.6  feet  per 
second,  in  which  the  co-efficient  of  roughness  varied  from  .0109  to  .0110. 
He  likewise  gives  the  results  of  a  pipe  17  inches  diameter  and  about 

4  440  feet  long,  giving  for  a  velocity  of  20.1  feet  per  second  a  co-efficient 
of  roughness  equal  to  .0099.    Finally  he  gives  a  pipe  25  inches  diameter 
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and  about  1  200  feet  long  and  for  a  velocity  of  12.6  feet  per  second  a 
co-efficient  of  roughness  equal  to  .0106. 

Under  the  conditions  as  reported  to  have  existed  in  the  Rochester 
conduit  when  built,  it  will  therefore  appear  safe  to  assume  for  them  a 
co-efficient  n  =  .011  as  a  probable  maximum  for  wrought  iron  sections. 
For  the  cast  iron  section  we  are  likewise  justified  from  the  gaugings 
previously  quoted  in  assuming  the  co-efficient  n  =  .012,  as  representing 
the  probable  maximum  when  the  pipe  w^as  new.  With  these  co-efficients 
let  us  now  ascertain  the  discharge  in  a  pii^e  line  such  as  the  Rochester 
conduit  is  described  to  have  been. 

"We  have,  beginning  at  the  lake: 

(1)  A  36-inch  wrought  iron  pipe  50  819  feet  long  with  a  co-efficient 

of  roughness  of  n  =  .011. 

(2)  A  24:-inch  wrought  iron  pipe  1  901  feet  long  with  a  co-efficient 

of  n  =  .011. 

(3)  A  24;-inch  pipe,  mostly  cast  iron,  30  137  feet  long,  with  a  co-effi- 

cient of  n  =  .012. 

(4)  A  24-inch  pipe,  mostly  wrought  iron,  15  547  feet  long,  with  a 

co-efficient  of  n  =  .011. 

Let  us  designate  the  heads  at  the  end  of  each  of  these  four  sections, 
respectively,  to  he  hi,  Ju,  h^  and  h^.  Let  us  further  designate  the  mean 
velocity  in  the  36-inch  pipe  as  Vi,  and  that  in  the  24-iuch  as  ro.  It  will 
be  evident  that  the  discharge  in  the  36-inch  pipe  and  that  in  any  of  the 
sections  of  the  24-inch  pipe  must  be  equal.  As  the  area  of  the  36-inch 
pipe  is  7.07  square  feet,  and  that  of  the  24-inch  pipe  3.14  square  feet, 
the  discharge  will  therefore  be  equal  to  7.07  ^i,  and  likewise  equal  to 
3.14  vo. 

Let  Ci,  Cz,  Cs,  C4,  respectivley,  represent  the  co-efficient  for  each  of 
the  four  sections  in  the  formula  v  =  c  ■x/ MS,  in  which  ^j  =  mean  velocity 
in  pipe;  R  =  mean  radius  of  pipe;  S  =  hydraulic  slope. 

If  we  substitute  for  S  the  head  h  divided  by  the  length  I  and  for 
\/  K  and  I  the  respective  numerical  values,  we  have  the  following  five 
equations : 

(1)     7. 07  i'l  =3.14^2- 


(2)  ^i  =  Ci   X  .866 


50  819 


in 

\50f 


(3)  v.,  =  c,X  .707, 


(4)  ^•2  =  03X   .707^30^- 


(5)  ^2  =  ^4    X 


•707^Ji5^47 
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As  the  entire  head  from  the  lake  to  the  reservoir  is  143.8  feet,  we  can 
add  a  sixth  equation: 

(6)     \  -f  h,  +  ^3  +  \  =  143.8  feet, 

from  "whioh  six  equations  the  two  mean  velocities  and  the  four  heads 
can  be  computed,  provided  we  substitute  the  numerical  values  of  c. 
According  to  the  Ganguillet  and  Kutter  formula,  we  can  neglect  the 
effect  of  the  variation  of  slope  upon  the  co-efficient  for  the  case  iu  hand. 
Assuming  this  slope  to  be  0.411  per  thousand  for  the  36-inch  pipe,  and 
2.26  per  thousand  for  the  24-inch  pipe,  we  obtain  from  the  formula: 

q  =  131.7  C3  =  112.3 

C2  =  125.0  c^  =  c.^  =  125.0. 

Substituting  these  values  in  the  above  equations,  substituting  further, 
from  equation  1,  the  value  of  v^  expressed  in  terms  of  v.2,  and  reducing 
respectively  to  the  values  of  7i,  we  get: 

(7)  7^1  =  0 .  770  v^-  (9)     7^3  =  4 .  781  v^^ 

(8)  h2  =  0. 243  v;-  (10)     h^  =  l. 991  v^^ 

Substituting  these  values  in  equation  6,  we  find  the  mean  velocity 
in  the  24-inch  pipe,  v.^  =  4.30  feet.  From  equation  1  we  then  get  the 
mean  velocity  in  the  36-incli  pipe,  v^  =  1.91  feet,  and  from  equations 
7  to  10  the  various  heads: 

7^l  =  14.2  ^3  =  88.3 

7i2=    4.5  7^^  =  36.8^ 

The  discharge  of  the  mains  is,  therefore, 

7.07  »i  =  13.50  cubic  feet  per  second,  or, 

8  725  200  gallons  in  twenty-four  hours. 

This  quantity  is  not  quite  as  great  as  that  given  originally,  but  as  the 
assumption  above  made  for  the  co-efficient  n  was  rather  large,  in  order 
to  be  on  the  safe  side,  I  consider  from  the  above  independent  data 
and  above  reasoning,  the  original  quantity  most  likely  to  have  been 
correct.  As  the  recent  tests  were  made  in  old  pipe,  evidently  much 
tuberculated  in  the  wrought  iron  sections,  I  therefore  see  no  justification 
in  the  assertion  of  Mr.  Rafter  that  by  them  "considerable  doubt  is 
thrown  "  upon  the  original  determination  of  flow.  It  is  also  evident, 
notwithstanding  the  sentiment  expressed  in  the  last  sentence  of  his 
paper,  that  the  modern  views  as  to  the  value  of  c  have  in  the  Rochester 
case  rather  been  substantiated  than  otherwise. 

John  Thomson,  M.  Am.  Soc.  C.  E. — Regarding  Mr.  Rafter's  prefatory 
paper  on  the  "  Hydraulics  "  of  the  Rochester  conduit,  its  evident  object 
is  to  compare  the  past  and  the  present  maximum  discharging  capacity 
of  the  Rochester  conduit  and  also  to  submit  certain  inferences  as  to 
the   physical   condition  of  its  internal  surface.     The  late   Mr.  L.  L* 
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Nichols,  C.  E.,  made  the  first  gauging  of  the  discharging  capacity  of 
the  Rochester  conduit,  acting  as  an  assistant  engineer  under  J.  Nelson 
Tubbs,  M.  Am.  Soc.  C.  E.,  then  the  Chief  Engineer  of  the  line.  I  had 
the  honor  of  Mr.  Nichols'  acquaintance,  and  firmly  believe  that  he  was 
thoroughly  competent  to  accurately  determine  the  discharging  caj^acity 
of  the  line  in  the  construction  of  which  he  himself  had  performed  an 
important  part. 

BiTt  the  details  of  Mr.  Nichols'  gaiigings,  as  observed  and  recorded 
by  himself,  are  elsewhere  fully  treated  with  proper  credit,  and  I  allude 
thereto  with  the  view  of  adding  concurrent  testimony  that  the  original 
measurements  were  jiroperly  made  and  the  results  obtained  were  within 
the  requirements  of  practical  accuracy  in  such  cases. 

Begarding  the  means  employed  by  Mr.  Rafter  to  ascertain  the  dynamic 
conditions  of  flow,  there  are  a  number  of  features  of  which  it  would  be 
interesting  to  learn  more  of  the  details.  Such,  for  instance,  as  to  how 
the  summits  of  the  piezometric  columns  were  indicated  for  instrumental 
reading.  Then  as  to  whether  the  several  stand-jiijoes  were  read  simul- 
taneously; or,  if  not,  what  time  elapsed  between  the  readings.  It  will  be 
obvious  that  much  of  the  value  of  these  observations  will  depend  upon 
the  manner  in  which  these  features  were  carried  into  effect. 

Although  I  believe  and  admit  that  the  practice  here  described  by  Mr. 
Rafter  is  usual,  I  yet  have  grave  doubts  as  to  the  reliability  of  piezometers, 
when  attached  directly  to  the  air  valves  of  a  pipe  line  long  in  use.  As 
a  means  of  determining  the  present  internal  condition  of  any  particular 
air  valve  such  an  attachment  would  a^jpear  to  be  most  efficient;  but  un- 
less it  were  known  to  an  absolute  certainty  that  their  internal  conditions 
were  identical  each  with  the  other,  then  it  has  always  ajDpeared  to  me 
that  to  predicate  the  internal  physical  condition  of  a  long  pipe  line  from 
the  flow  past  orifices  of  unknown  contour  is  an  unreliable  deduction.  I 
should  say  in  a  case  of  this  kind,  where  it  may  be  fairly  well  assumed 
in  advance  that  the  condiiit  is  obstructed  by  incrustations  upon  the  in- 
terior surface,  that  the  inner  ends  of  the  piezometers  might  better  be 
inserted  into  the  main  body  of  the  conduit,  the  internal  ends  of  all  the 
tubes  to  be  at  the  same  distance  from  the  exterior  of  the  conduit,  as  in 
this  wise  practically  identical  dynamic  conditions  would  obtain. 

As  to  the  determination  of  the  hydraulic  gradient  of  the  24-inch  sec- 
tion by  means  of  ordinary  sjiring  pressure  gauges,  I  have  examined  Mr. 
Rafter's  paper  diligently  for  a  reference  to  the  means  employed  for 
standardizing  the  gauges;  but  although  the  manner  of  checking  their 
reading  by  independent  observers  is  expressly  set  forth  (which  would 
ai^pear  to  be  necessary,  as  they  must  have  been  read  to  fractions  of  a 
l^ouud,  judged  by  the  tabular  deductions),  there  is  but  this  statement 
as  to  the  gauges  themselves:  "The  gauges  were  attached  to  each  air 
valve  at  the  same  time,  and  allowed  to  remain  for  half  an  hour." 

Now,  as  a  glance  at  the  profile  will  denote  the  considerable  fluctua- 
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tions  in  the  total  pressures  reqiiired  to  be  indicated  by  the  gauges,  this 
fact  alone  would  demand  that  they  should  have  had  frequent  and  most 
accurate  comparison  with  a  reliable  standard.  If  this  were  not  done, 
then,  in  my  opinion,  but  very  little  value  may  be  given  to  this  portion  of 
the  experiment.  The  fact  that  the  gauges  did  or  did  not  indicate  the  true 
conditions  does  not  affect  my  present  proposition;  if  they  were  not  cali- 
brated to  every  change  of  condition,  then  the  result  can  only  be  accej^ted 
as  hypothetical. 

In  this  connection  the  admission  of  Mr.  John  R.  Freeman,  M.  Am.  Soc. 
C.  E.,  in  his  discussion  of  my  paper  on  "Proportional  Water  Meters," 
wherein  he  is  an  advocate  of  spring  gauges  for  an  analogous  purpose, 
may  not  be  inaptly  quoted:  "  In  any  important  work  in  either  steam  or 
water,  all  Bourdon  gauges  should  be  often  tested.  Mere  comparison 
with  a  standard  gauge  is  not  fully  satisfactory."  And  in  this  regard  I 
presume  to  say  that  Mr.  Freeman  knows  whereof  he  speaks;  for  although 
he  has  accomialished  results  in  this  direction  approximating  practical 
accuracy,  and  that,  too,  by  scientific  methods  and  approved  apparatus, 
yet  even  these  were  oj)en  to  adverse  criticism. 

That  the  Rochester  conduit  has  undergone  serious  deterioration  is 
not  questioned,  but  as  to  the  cause  and  location  thereof,  it  is  my  conten- 
tion that  the  present  demonstration  is  not  conclusive;  that  the  case 
stands  on  the  Scotch  verdict,  *'  Not  proven." 

The  end  sought  by  Mr.  Rafter,  as  detailed  in  his  second  paper,  was 
to  increase  the  storage  reserve  of  the  reservoirs,  and  the  exigencies  of 
the  case  were  such  that  almost  any  means  would  be  tolerated  to  effect 
this  end.  The  method  evidently  most  prominently  in  mind  for  imme- 
diate application,  both  by  citizens  and  experts,  was  to  increase  the  time 
necessary  to  obtain  a  given  quantity. 

The  manner  here  described  of  carrying  this  into  effect  seems  to  have 
been  based  upon  the  assumption  that  any  diminution  at  or  near  the 
source  of  supply  would  cause  the  mains  to  "run  partly  full,"  with 
obvious  results  in  the  event  of  applying  the  direct  pressure  from  Rush 
reservoir.  The  question  here  is,  was  the  somewhat  elaborate  process 
applied  by  Mr,  Rafter  necessary  ?  I  am  willing  to  go  on  the  record  as 
saying  that,  in  my  oi^inion,  it  was  not;  that  if  competent  attendants  had 
been  placed  at  the  discharging  gates  of  Mount  Hope  reservoir,  or  better 
still  at  some  lower  portion  of  the  hydraulic  gradient  beyond  the  prin- 
cipal distributing  area,  in  telephonic  communication  with  the  city  fire 
alarm,  the  valves  carefully  pinched  down  to  a  point  where  the  draft 
there  through  became  slightly  less  than  the  supply,  and  continually  so 
maintained,  then  the  same  results  would  have  been  reached.  By  this 
method  the  minimum  i)ressure  throughout  the  city  would  have  been 
constantly  increased  until  merged  into  the  maximum,  while  yet  at  any 
instant  the  full  pressure  might  have  been  with  safety  applied  for  fire 
purposes.     But  what  was  the  consequence  of  this  "restriction  "  in  actual 
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fact  ?  Simply  as  already  intimated,  that  each  and  every  water-taker  in 
a  city  of  nearly  140  000  inhabitants,  the  just  and  the  unjust  alike,  was 
l)eremptorily  taxed  that  the  storage  reserve  might  be  increased.  The 
form  of  the  tax  here  levied  was  in  time;  the  monetary  value  of  this  will 
depend  uj^on  the  wage  earning  capacity  of  Rochester's  citizens.  What 
this  means  may  only  be  conjectured,  even  when  we  have  Mr.  Kafter's 
statement  that  the  result  of  these  restrictive  measures  was  to  decrease 
the  consumption  by  nearly  2  000  000  gallons  a  day,  that  is  to  say,  in- 
crease the  former  time  necessary  to  obtain  a  given  volume  by  from  30  to 
40  i)er  cent. ,  or  made  it  impossible  to  get  such  sup2)ly  at  all. 

The  summation  of  Mr.  Rafter's  opinions,  however,  has  my  particular 
attention,  wherein  he  sets  forth  that  by  this  method  of  restrictive  supply 
the  "general  movement  in  favor  of  metering"  was,  fortunately  for  the 
public,  presumably,  headed  off,  "which,  if  carried  out  under  existing 
conditions,  would  have  aggravated  a  situation  which  is  already  sufficiently 
unsatisfactory." 

The  premise  Tipon  which  I  shall  mainly  rely  in  my  further  contention 
is  this:  that  if  the  actual  cost,  due  to  the  loss  of  time  and  personal  incon- 
venience, to  which  the  citizens  of  Rochester  have  been  subjected  by  these 
restrictive  measures,  had  been  invested  in  water  meters  of  any  fairly  i-e- 
liable  pattern,  were  they  of  the  cheapest  inferential  Continental  type  or 
the  most  expensive  positive  system  here  in  vogue,  that  then  not  only 
would  there  have  been  no  temjiorary  inconvenience,  but  there  would  im- 
mediately have  been  water  enough  and  to  spare;  the  pressure  would 
have  been  restored  and  the  future  supply  insured  beyond  all  doubt.  By 
this  simple  expedient  every  water-taker  would  have  become  an  inspector. 
Instead  of  a  handful  of  irresponsible  employees  acting  as  water-waste 
detectors,  there  would  have  been  thousands  of  willing  volunteers.  And 
why  ?  Because  it  would  then  have  been  a  simjjle  matter  of  selfish 
pecuniary  interest  on  the  part  of  every  metered  water  taker.  Human 
nature  is  the  same  the  world  over.  It  is  not  implied,  nor  does  it  follow, 
that  because  the  segregated  members  of  a  community  act  with  thought- 
less disregard  of  others  that  therefore  all  are  venal.  Nevertheless, 
this  hard,  indisputable  fact  remains  :  that  he  who  purchases  by  the 
sole  measure  of  what  he  can  take  in  the  time  at  his  disposal,  will 
carry  off  more  than  if  he  had  bargained  to  p&j  for  bulk  or  weight. 
The  proof  of  this  assertion  is  on  every  hand;  from  the  earliest  evolution- 
ary evidence  of  our  ancestry,  grabbing  more  than  can  be  earned  and 
snarling  at  the  loss,  to  our  modern  teachers  of  morals  who  complacently 
latch  down  the  spring  closing  valve  that  cool  water  may  be  ready  to  the 
cup,  the  principle  is  in  all  cases  the  same.  And  so  it  would  be  if  you  and 
I  were  provided  with  coal  or  gas,  bread  or  champagne  at  so  much  per 
quarter,  take  what  we  like;  the  damper  would  not  then  be  so  carefully 
I'egitlated;  the  extra  jets  would  not  be  put  out;  bread  would  only  be  used 
for  end  pieces  and  corks  would  fly  upon  the  slightest  indication  of  las- 
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situde.  Wherefore,  I  do  not  believe  that  we  would  be  morally  worse 
than  at  present;  for  the  jiar  value  of  the  individual  is  the  resultant  of  the 
society  of  which  he  is  a  factor.  But  in  setting  this,  my  opinion,  with 
these  generalities,  as  against  the  judgment  of  Mr.  Rafter,  I  do  not  thereby 
wish  to  be  understood  as  implying  that  even  if  he  had  held  my  un- 
doubtedly extreme  views  on  this  subject,  that  he,  per  consequence,  would 
or  could  have  applied  them  in  practice:  because  it  is  not  neglected  to  be 
observed  that  too  often  the  municipal  engineer  may  be  limited  in  his 
work  by  the  judgment  of  higher  municipal  authority;  be  it  always  ex- 
cepted, however,  that  he  is  seldom  justified  in  the  performance  of  a 
professional  duty  not  warranted  in  its  method  and  execution  by  the  best 
practice  of  the  hour. 

But  the  lavish  waste  which  so  nearly  resulted  in  a  water  famine  in 
Rochester  did  not  take  place  nor  come  upon  it  without  ample  notice  from 
competent  authority,  as  may  be  found  in  the  annual  rejaorts  of  its  long- 
time Chief  Engineer,  Mr.  Tubbs,  who  for  years  had  been  a  conservative 
advocate  of  restrictive  measures.  Neither  was  the  more  or  less  brilliant 
idea  of  closing  the  spigot  a  growth  of  the  year  1890;  as  may  be  judged 
by  the  following  paragraph  from  a  letter  written  by  me  and  published 
in  the  Rochester  Daily  Herald  of  May  27th,  1889: 

"  In  my  judgment  Mr.  Kuichling  is  right  in  either  of  the  two  reme- 
dies which  he  proposed  to  your  Si:)ecial  Water  Works  Committee. 
'Good  gracious,'  you  say  to  the  first,  'and  shall  the  pressure  be  re- 
duced ?'  Why  not,  if  you  are  ah'eady  demanding  more  than  the  sup- 
ply ?  Mr.  Kuichling  evidently  recognizes  a  point  you  overlook, 
namely,  that  if  you  were  supiDlied  with  twice  your  present  volume  you 
would  doubtless  double  your  wastage.  This  feature  is  already  being 
considered  here  in  New  York,  for  when  we  shall  have  had  the  increased 
pressure  of  the  new  conduit,  the  '  consumption '  of  leaky  pipes,  faulty 
faucets,  etc.,  is  certain  to  reach  high  figures. 

"So  far  as  possible  I  endeavor  to  keei)  pecuniary  motives  in  the 
background  when  I  say,  as  a  matter  of  concurrent  jiiclgment,  that  Mr. 
Kuichling's  second  remedy,  namely,  to  meter  the  services,  is  the  only 
true  and  satisfactory  method,  and  that  this  is  not  theoretical  or  vision- 
ary has  been  proved  times  over. 

"And  the  cost  of  the  meter  method  of  increasing  your  Avater  supply 
by  equalizing  its  disposal  would  not  be  the  'enormously  expensive  job 
to  the  city  or  its  citizens '  which  you  may  think,  and  for  this  reason  if  no 
other,  namely,  that  even  if  a  portion  of  your  services  were  metered  the 
waste  would  be  enormously  reduced,  because  you  will  find  that  the  great 
majority  of  your  water  takers  are  willing  to  pay  for  what  they  use;  that 
such  ijeople  in  any  case  would  not  abuse  their  privileges;  that  the  oppo- 
sition, the  growl,  will  be,  as  doubtless  it  now  chiefly  is,  from  those  who 
are  taking  more  than  they  are  honestly  entitled  to." 

I  have  purposely  refrained  from  (quoting  the  generally  known  data  in 
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sui^portof  my  position  aa  to  which  is  the  better  method,  legitimate  use  by- 
all  or  waste  bv  all,  for  the  particular  reason  that  I  have  here  to  present  a 
most  admirable  discussion,  covering  this  phase  of  the  sul)ject,  prepared  at 
my  request  by  L.  N.  Case,  Esq.,  Secretary  of  the  Board  of  Water  Com- 
missioners, Detroit,  Mich.  I  applied  to  Mr.  Case  for  these  principal  rea- 
sons, namely:  that  the  relative  conditions  as  between  Eochester  and 
Detroit  are  more  nearly  alike  than  any  others  of  which  I  am  aware;  that 
meters  and  restrictive  measures  were  applied  there  for  the  purpose  of 
avoiding  the  duplication  of  force  mains  and  pumps,  and  that  Mr.  Case  is 
not  only  thoroughly  conversant  with  all  the  available  facts,  but  has 
the  peculiar  skill  of  compressing  such  matter  into  clear  and  compact 
form. 

To  recapitulate  in  brief,  my  criticisms  in  respect  of  Mr.  Rafter's 
papers  are  these:  That  while  the  methods  which  he  employed  may  have 
been  generally  correct,  the  apparatus  itself  was  not  adequate  to  the 
requirements  of  the  case  nor  in  touch  with  well  known  modern  practice; 
and  that  his  opinions  as  to  the  probable  consequence  of  metering  are 
fully  controverted  by  good  and  sufficient  evidence. 

Without  pointing  the  moral  which  you  will  the  better  apply,  I  take 
the  liberty  of  concluding  in  the  following  words  from  Judge  Stallo's 
preface  to  his  "Concepts  of  Modern  Physics": 

"  It  is  an  old  truth,  which,  however,  is  too  often  lost  sight  of,  that 
many  of  the  questions  of  science  and  philosophy  remain  unanswered, 
not  by  reason  of  the  insufficiency  of  our  knowledge,  but  because  the  ques- 
tions themselves  are  founded  upon  erroneous  assumptions  and  require 
answers  in  irrational  or  impossible  terms." 

L.  N.  Case,  Board  of  Water  Commissioners,  Detroit,  Mich.— For  the 
purpose  of  properly  estimating  the  waste  prevalent  in  the  City  of  De- 
troit, I  will  state  that  the  population  of  the  city  in  1888  was  192  729, 
and  the  daily  average  consumption  39  397  716  gallons  or  204  gallons 
per  capita;  a  waste,  allowing  for  a  generous  use,  of  150  gallons  per 
capita,  or  nearly  80  000  000  gallons  per  day.  In  1890,  two  years  there- 
after, as  a  result  of  the  introduction  of  restrictive  measures,  the  follow- 
ing data  are  offered:  Population  of  city,  214  122;  daily  consumption, 
33  208  067  gallons,  or  a  per  capita  supply  of  155  gallons,  and  a  saving 
of  about  12  000  000  gallons  of  water  daily,  and  of  about  $20  a  day  or 
»7  000  annually  in  fuel  alone.  This,  however,  does  not  give  the  real 
saving  effected.  Several  times  in  the  winter  of  1888-89  over  50  000  000 
gallons  of  water  were  pumped  into  the  city  daily,  and  the  demand  even 
then  was  by  no  means  satisfied,  as  many  complaints  reached  us  of  a 
short  supply  in  the  upper  and  western  portions  of  the  city.  It  was 
then  demonstrated  that  our  capacity  to  supply  was  exhausted,  or  rather 
its  limit  reached. 

I  will  explain  by  saying  that  our  pumping  station  is  4  miles  up  the  river 
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with  two  42-incli  force  mains  leading  therefrom  into  the  city,  one  for  the 
low  and  one  for  the  high  service.  Our  average  daily  consumption  had 
increased  3  000  000  gallons  each  year  for  several  years,  and  of  course 
was  gradually  increasing.  The  necessity  for  another  force  main,  and 
another  engine,  an  enlargement  of  our  present  engine  house  or  the 
building  of  a  new  one,  and  other  attendant  expenses  accompanying  such 
construction,  was  conclusive.  An  estimate  was  made  of  such  extensions, 
which  amounted  to  about  3600  000. 

Had  the  Board  concluded  to  enter  into  such  enlargement  of  the 
works,  bonds  would  have  had  to  be  issued  bearing  4  per  cent,  interest, 
entailing  an  annual  expense  thereafter  of  324  000,  to  say  nothing  of  the 
constant  depreciation  in  the  value  of  the  plant,  as  well  as  the  increased 
expense  for  fuel,  salaries  of  engineers,  lubricators  and  other  supplies, 
which  would  amount  at  least  to  $11  000  per  annum.  I  will  give  as  my 
basis  for  this  calculation,  the  fact  that  the  total  expense  at  the  pumping 
station  in  1890  was  354  433.49  for  three  engines  and  never  but  two  of 
them  running,  so  that  an  estimate  of  the  above  increase  is  a  modest  one 
to  say  the  least.  Here  then  is  an  annual  expense  of  335  000,  which  an 
enlargement  of  the  plant  would  have  forced  upon  the  Board,  or  rather 
upon  the  citizens  of  Detroit. 

At  its  meeting  in  February,  1889,  these  facts  were  presented  and 
several  other  facts  bearing  upon  the  question  of  waste,  and  compari- 
sons ofifered  between  Detroit  and  other  cities  that  had  adopted  measures 
to  prevent  waste.  The  Board,  after  carefully  considering  these  facts, 
adopted  a  resolution  to  at  once  enter  upon  an  active  campaign  against 
a  waste  that  had  become  actually  appalling,  and  directed  their  Secretary 
to  adopt  such  measures  as  were  reasonable  and  lawful  that  would  accom- 
plish their  purpose. 

Now,  as  to  the  measures  adopted,  they  were  by  no  means  novel  or 
unusual,  and  were  simply  those  of  house  to  house  inspection  and  the 
introduction  of  meters.  Could  meters  have  been  universally  introduced, 
the  inspection  of  premises  would  have  been  unnecessary,  and  at  best 
accomplishes  but  little.  Innumerable  leaks,  of  course,  are  discovered, 
and  require  to  be  repaired,  but  the  willful,  extravagant,  and  utterly 
useless  running  of  water  from  all  classes  of  fixtures,  through  careless- 
ness, and  often  a  mistaken  idea  that  such  streams  cleanse  and  purify 
the  sewers,  can  only  be  controlled  and  regulated  by  the  plai-ing  of 
meters.  This  of  itself  is  a  sutficient  reason  for  their  adoption,  and  yet 
another  appeals  to  me  with  almost  an  eijual  force. 

Estimating  the  quantity  of  water  consiimed,  even  with  the  best  of  in- 
tentions and  ability  on  the  part  of  the  assessor,  is  i),fter  all  only  guess- 
work. This  is  not  simply  au  assertion,  but  is  the  result  of  actual  exi^e- 
rience.  The  following  table  is  prepared  from  actual  facts  upon  the 
books  of  this  office,  and  is  based  upon  the  consumption  of  water  which 
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•was  being  used  as  developod  by  the  meter,  and  upon  the  assessments 
■which  were  paid  before  the  water  was  metered: 


COMSUMSRS. 

MowTHLT  Consumption 
AS  FEB  Meter. 

Monthly 
Assessment. 

Paid  foe 
1  000  Gallons. 

A 

583  500  gals. 
132  000     " 

3  429  «03    " 
531  375    " 
185  250     " 

2  697  831     " 
472  201     '• 
259  312     " 
138  850     " 
727  125     " 

2  127  050     " 
270  750     " 

1  352  850     " 
462  818    " 

$7  50 
2  00 

36  66 
33  33 
13  67 

119  16 
39  66 
17  50 
28  33 
50  00 
63  33 

37  66 
142  00 

43  00 
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1 
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E 

F 

G 

H 

I 

20 

K 

61      •• 
2J      •• 
14 

L 

AI 

N 

^^1  *.: 

o 

The  parties  "  C  "  and  "D  "  are  engaged  in  the  same  business,  com- 
peting for  the  same  trade,  anil  yet  "D"  was  handicapped  by  being 
obliged  to  pay,  in  the  same  city  and  under  similar  circumstances,  over 
six  times  as  much  for  water  for  manufacturing  purposes  as  "C"  did. 
The  party  "I"  is  a  miller,  and  his  uses  were  of  a  mechanit-al  nature 
almost  entirely,  and  easily  estimated,  and  it  was  proved  that  he  was 
paying  exactly  right,  as  20  cents  per  1  000  gallons,  when  estimated,  was 
then  the  rate  charged  by  the  Board. 

As  a  result  of  the  saving  thus  made,  the  Board  have  reduced  their 
meter  rates  from  ten  cents  per  1  000  gallons  to  three  and  one-third  cents 
to  all  consumers,  and  in  addition  have  abrogated  the  charge  for  hose  use 
for  lawn  and  street  sprinkling  purposes,  the  assessments  upon  which,  the 
year  previous  to  such  action  of  the  Board,  amounted  to  over  ^20  000. 

The  placing  of  meters  has  been  with  us,  and  will  be  everywhere,  a 
great  saving  individually  and  collectively.  For  instance,  the  present 
receij^ts  for  the  entire  metered  consumption  is  not  over  two-thirds  of 
what  it  would  be  under  the  assessment  plan,  and  the  amount  of  water 
consumed  not  over  one-fourth.  The  result  of  the  introduction  of 
meters  in  the  City  of  Detroit  can  best  be  shown  by  the  following  com- 
parison: 

Had  the  Board  concluded  in  1888  to  make  the  contemplated  enlarge- 
ment of  the  works  instead  of  introducing  measures  of  restriction,  the 
annual  expense  caused  by  such  enlargement,  as  already  shown,  would 
have  been  at  least  ^35  000,  or  for  three  years  S105  000,  with  an  unesti- 
mated  loss  for  wear  and  tear,  and  no  reduction  in  rates.  The  total 
expense  for  the  introduction  of  meters  has  been  up  to  October  1st,  the 
present  month,  SoO  812.50,  with  an  estimated  sum  for  the  three  months 
thereafter  will  make  $56,000. 
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But  mark  the  diflferenoe  between  the  two  expenses  !  The  former, 
of  S35  000  per  annum  or  S105  000  for  the  three  years,  woiild  have  been 
an  absolute  expenditure;  while  of  the  latter  at  least  85  per  cent,  is  still 
in  existence,  and  is  a  valuable  part  of  the  plant. 

J.  Nelson  Tubes,  M.  Am.  Soc.  C.  E.— The  methods  described  in  Mr. 
Eafter's  paper  for  reducing  the  consumijtion  of  water  in  the  City  cf 
Rochester,  while  confessedly  not  new  or  original,  may  be  regarded  as  a 
wise  provision  to  tide  over  a  temporary  crisis,  and  without  doubt  ac- 
complished the  purpose  of  temjDorarily  preventing  the  further  depletion 
of  the  reservoirs.  The  lack  of  vigorous  action  on  the  part  of  the 
municipal  authorities  having  the  control  of  the  water  department,  in 
failing  to  provide  an  abundant  temjjorary  supply  of  water  for  the  city 
from  one  of  several  possilile  near  sources,  left  no  alternative  to  the 
engineer  but  to  restrict  the  use  of  water  to  such  an  extent  as  would 
prevent  its  utter  exhaustion  from  the  reservoirs.  In  this  view  of  the 
case  the  action  of  the  engineer  is  to  be  commeuded,  while  the  want  of 
prompt  and  right  action  on  the  part  of  the  municipal  authorities,  whereby 
such  drastic  measures  in  the  way  of  restrictive  use  became  necessary, 
is  to  be  seriously  reiDrobated.  The  adoption  and  continuance  of  these 
restrictive  measures  have  proved  so  annoying,  vexatious  and  threatening 
to  manufacturers  and  other  citizens  that  private  sources  of  supjily  have 
been  secured  by  many  of  them,  thus  reducing  the  consumption  from 
the  city  works  to  the  extent  of  at  least  one  and  one-half  million  gallons 
per  day,  involving  the  consequent  loss  of  revenue  to  the  city.  It  has 
also  involved  the  necessity  of  sprinkling  the  streets  with  the  sewage 
laden  water  of  the  Genesee  River.  It  has  had  a  tendency  to  restrict  the 
introduction  of  new  manufacturing  establishments,  the  opening  of  new 
streets,  and  the  erection  of  new  dwellings;  and  it  has  prevented  the 
proper  flushing  of  sewers  and  drains,  and  has  thus  proved  detrimental 
to  the  sanitary  condition  of  the  city.  I  cannot,  therefore,  concur  in  tlie 
wisdom  of  the  further  suggestion  of  the  paj^er  under  discussion,  that 
by  the  continuance  of  these  restrictive  measures  the  reservoirs  may  be 
kept  full,  and  "aside  from  street  and  lawn  sprinkliug,  the  necessary 
legitimate  uses  of  water  can  be  supplied  for  two  or  three  years,  during 
which  time  the  additional  supply  construction  may  be  completed."  The 
many  and  complex  interests  of  a  city  are  so  injuriously  affected  by  a 
scarcity  in  the  water  supply  for  a  series  of  years,  that  no  make-shift 
should  be  tolerated  which  looks  to  the  continuance  of  a  system  alike 
perilous  to  the  business,  prosperity,  comfort  and  health  of  the  munici- 
pality. 

Some  of  the  conclusions  of  the  writer  of  this  paper  I  am  impelled  to 
call  in  question.  These  are  based  upon  a  doubt  as  to  the  original 
capacity  of  the  conduit  to  discharge  at  the  rate  of  9  000  000  gallons  per 
day,  from  the  fact  that  the  discharge  is  at  the  present  time  but  7  000  000 
gallons  per  day.     The  method  of  determination  by  which  it  was  found 
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to  deliver  the  larger  quantity  in  1876,  was  exactly  the  method  employed 
in  1890,  when  it  discharged  the  smaller  quantity. 

The  evidence  that  the  said  conduit  did  originally  discharge  9  000  000 
gallons  per  day  is  of  the  highest  character.  In  187(5,  I  was  chief  engi- 
neer of  the  water-works  in  question,  and  the  late  Lorain  L.  Nichols,  a 
very  competent  man  of  large  experience,  was  one  of  my  assistants. 
During  the  filling  of  the  reservoirs  and  the  months  following,  Mr. 
Nichols  was  directed  by  me  to  make  such  careful  measurements  and 
gaugiugs  of  the  reservoirs  as  would  enable  him  to  determine  very  closely 
the  approximate  flow  of  the  conduit.  He  did  this  on  at  least  four  dif- 
ferent occasions,  the  records  of  which,  in  his  own  handwriting,  are  now 
on  file  in  the  Water  Department  at  Rochester,  and  his  conclusion  from 
these  experiments  was,  that  the  flow  was  substantially  9  000  000  gallons 
per  day.  I,  therefore,  regard  it  as  much  a  definitely  settled  fact  that 
the  flow  in  1876  was  9  000  000  gallons  per  day,  as  it  is  a  fact  that  at  the 
expiration  of  sixteen  yeai's,  in  the  year  1890,  the  flow  was  but  7  000  000 
gallons  per  day,  and  both  facts  were  determined  in  the  same  way,  and 
are  based  upon  the  same  class  of  evidence,  to  wit:  the  rise  of  water  in 
the  reservoir  under  the  influence  of  the  flow  of  a  full  conduit. 

From  Avhat  has  been  said,  it  may  be  seen  how  difficult  it  would  prove 
to  determine  when,  ov,  at  what  moment,  any  statistics  published  in  the 
annual  rejjorts  of  the  Rochester  Water  Department,  based  upon  the 
earlier  determination  of  the  capacity  of  the  conduit,  ceased  to  be  en- 
tirely true.  Only  two  facts  are  known,  to  wit:  In  1876,  and  for  some 
years  thereafter,  I  am  convinced  by  personal  observation  of  the  conduit, 
the  discharge  was  substantially  9  000  000  gallons  per  day.  In  1890  the 
flow  was  7  000  000  gallons  per  day.  When  did  it  cease  to  be  the  greater 
and  become  the  less  quantity?  The  imperative  necessity  that  has  existed 
for  the  past  three  years,  that  there  shoiald  be  no  interruption  in  the  flow 
of  water  for  a  single  hour  which  could  be  avoided,  has  prevented  such 
an  examination  as  would  determine  the  cause  of  this  diminution  of  flow. 
Presumably,  however,  the  decrease  was  a  gradual  one,  and  so  gradual 
as  to  be  unsuspected,  and  not  such  a  sudden  and  abrupt  one  as  would 
have  at  once  attracted  attention.  History  repeats  itself  in  these  matters. 
So  far  as  I  know,  the  history  of  all  iron  pipe  water  mains  has  been  a 
gradual  and  more  or  less  rapid  decrease  in  their  carrying  capacity  by 
the  formation  of  tubercles,  often  accomisanied  with  the  growth  of  ex- 
tensive vegetable  life,  the  latter  of  which  in  the  form  of  spongilla  in 
large  quantity  has  been  found  recently  in  the  cast  iron  pipe  forming  a 
part  of  the  Rochester  conduit,  by  Mr.  Kuiehling,  a  member  of  this 
Society,  on  removing  the  dome  of  a  24-inch  gate  for  repairs,  the  details 
of  which  are  given  in  his  annual  report  recently  published.  I  can  see 
in  all  this  uo  reason  to  question  the  large  co-efficients  used  in  modern 
formulas  for  large,  new  and  clean  pipes,  but  it  emphasizes  the  fact  that 
the  pipes  will  not  always  remain  new  and  clean,  in  which  case  the  large 
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co-efScients  are  no  longer  applicable,  or,  in  other  words,  that  to  approxi- 
mately determine  the  flow  of  a  pipe  at  the  end  of  twenty  years'  use 
formulas  with  relatively  small  co-efficients  should  be  used. 

W.  N.  Eadenhtjrst,  M.  Am.  Soc.  C.  E. — Mr.  Kafter,  in  his  paper, 
states  in  his  comparisons  of  the  results  of  tests  made  :  First.  That  the 
"average  rate  of  hydraulic  grade  in  the  36-inch  wrought  iron  pipe  is  50 
per  cent,  greater  than  it  should  be  for  clean  pipe  with  the  observed  dis- 
charge."  And  again,  "That  the  excessive  resistance  prevailing  in  the 
24-inch  pipe  at  the  present  time,  is  mostly  confined  to  the  wrought  iron 
section,  the  excess  in  the  cast  iron  being,  generally  sjjeaking,  only  such 
as  may  be  reasonably  expected  iu  pipe  a  long  time  in  use." 

As  no  36-inch  cast  iron  pipe  exists  on  the  line,  all  criticism  must  be 
directed  to  the  24-inch  conduit  alone.  Attention  may,  howevei",  be 
called  to  the  fact  that  the  hydraulic  grade  line  found  the  same  day 
is  practically  a  straight  line,  and  that  there  are  no  very  marked  irregu- 
larities in  loss  of  head  in  this  section.*  As  to  the  irregularities  on  the 
24-inch  pipe  pointed  out  by  Mr.  Eafter  in  his  basis  of  comparison,  the 
question  arises  whether  such  a  marked  difference  in  loss  of  head  would 
be  discovered,  if  the  pressure  observations  had  been  made  with  a  suit- 
able mercury  gauge. 

The  engineer  who  made  the  original  gaugings  and  calculated  the  inflow 
into  Rush  Reservoir,  the  late  L.  L.  Nichols,  has  left  in  his  handwriting 
carefully  iirepared  notes  of  the  gaugings  taken  by  him  at  Rush  Reser- 
voir on  four  diflferent  occasions,  the  least  of  which  gives  about  8  000  000 
gallons,  and  the  greatest  about  10  000  000  gallons  in  twenty -four  hours. 
That  it  now  delivers  only  a  trifle  over  7  000  000  gallons  daily  must  also 
be  conceded.  A  reduction  in  delivery  must  accordingly  be  acknowl- 
edged, and  I  desire  to  discuss  the  question  on  that  basis.  The  reason 
for  tliis  diminished  delivery  may,  perhaps,  be  due  to  obstructions  at  a 
number  of  places,  since  the  diagram  of  the  several  hydraulic  grade  lines 
does  not  show  a  sufficient  fall  between  any  two  consecutive  air  valves  to 
account  for  the  entire  diff"erence  in  discharge.  The  probable  causes  are 
tubercular  formations  and  the  growth  of  spongilla  or  similar  organ- 
isms. Mr.  Rafter  is  inclined  to  the  belief  that  the  wrought  and  not 
the  cast  iron  pipe  is  to  be  blamed  for  the  failure  in  delivery.  This  may 
be  so  ;  but  that  apparently  well  coated  cast  iron  pipe  deteriorates,  and 
often  deteriorates  very  rapidly,  is,  nevertheless,  a  fact  of  which  ample 
demonstrations  have  been  given  in  our  professional  literature. 

The  probings  made  by  Chief  Engineer  Kuichling  in  the  36-inch 
wrought  iron  pipe  at  air  valve  No.  53,  and  in  the  large  tapering  casting 
inserted  in  the  24-inch  cast  iron  pipe  at  Rush  Reservoir,  and  fully 
described  by  him  in  his  last  annual  report  (1890-91),  gave  no  evidence  of 
"  tuberculatiou  by  rust,  mineral  incrustation,"  etc.  He  did,  however, 
find  a  large  growth  of  spongilla  on  the  interior  surface  of  the  24-inch 

*  See  profile  accompanying  the  discussion  on  Mr.  Rafter's  paper  already  submitted  to- 
the  Bociety  by  Mr.  Kuichling,  M.  Am.  Soc.  C.  E. 
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cast  iron  effluent  pipe  at  Eusli  Reservoir.  In  the  city  work  at  Rochester 
it  has  been  the  practice  for  over  a  year  to  carefully  examine  the  interior 
surfaces  of  all  mains,  wherever  the  same  may  be  cut  for  insertion  of 
special  castings,  or  for  making  extensions,  etc.,  and  to  make  notes  of  the 
conditions  found  and  preserve  specimens  of  the  broken  pipe,  and  the 
foUowin.'JC  table  showing  the  condition  of  pipes  of  different  ages,  selected 
from  a  number — all  Hemlock  mains— may  be  of  some  interest  on  the 
question  of  deterioration. 


No. 

3  o  m 

Street. 

Location. 

Date  of 
Laying. 

Date  of 
Examina- 
tion. 

Conditions. 

r 

Badly      corroded. 

1 

large    tubercles 

1 

half     an      inch 

thick,    covering 

1 

4 

Stone  St. 

Corner    of    Elv 
St 

1874 

Nov.    8,  '90 

16- 

destroyed.  This 
pipe   was  made 

at    one    of    the 

foundries     that 

1 

furnished      the 

1 

24-inrh  cast  iron 

1 

conduit  pipe. 

2 

12 

Genesee  St. 

50  feet  South  of 

( 

Large  tubercles, 
over  three- 
eighths    of     an 

College  St ... . 

Sept.  15,  '80 

Aug.  25,  '91 

11) 

inch,  and   thick 

matof  spoDgilla. 

3 

6 

West  St. 

75  feet  North  of 
Lorimer  St. . . 

Aug.  31,  '87 

Oct.   28,   '91 

4- 

A  few  tubercles 
and  clots  of  rust 
— coating  good 
between. 

Tubercles  sparse, 
but  of  fair  size, 

4 

10 

Lake  Ave. 

At  Clay  Ayenue 

Oct.    27,  '88 

Oct.    27,  '91 

3- 

I 

pipe  coating  be- 
tween tubercles 
glossy  and 
smooth. 

Specimen  No.  2  was  particularly  luxuriant,  both  as  to  the  thickness 
of  the  tubercles  and  the  strong  growth  of  spongilla.  Specimen  No.  1 
was  cut  out  of  pipe  laid  sixteen  years  ago,  and  was  cast  at  one  of  the 
foundries  that  supiilied  the  24-inch  pipe  laid  in  the  conduit  line.  It 
doubtless  was  treated  to  the  same  coal-tar  pitch  bath  as  the  large  pipe. 
By  parity  of  reasoning,  if  rust  tubercles  have  formed  on  the  inside  of 
the  small  pipe,  which  has  actually  Ijeen  seen,  why  not  form  on  the  large 
pipe,  which  has  not  yet  been  examined? 

It  is  generally  assumed  that  the  coal-tar  pitch  coating  as  applied  to 
cast  iron  water  pipes  by  most  of  the  foundries  in  this  and  other  countries, 
is  a  permanent  protection  to  the  iron  against  rust.  It  certainly  does  not 
a^jpear  to  act  in  this  manner  in  all  cases.  The  writer  is  informed  that 
Messrs.  R.  D.  Wood  &  Co.  did  some  years  ago  in  their  foundry  at  Flor- 
ence, N.  J.,  use  a  mixture  of  20  per  cent,  of  pure  linseed  oil  with  the 
coal-tar  pitch,  but  doe^  not  know  whether  this  practice  was  continued. 
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Most  foundries  use  the  coal-tar  pitch  alone.  A  permanent  coating  seems 
to  be  almost  as  vital  to  the  life  and  usefulness  of  the  pipe  as  the  quality 
and  strength  of  the  iron;  and  it  is  respectfully  suggested  that  the  mem- 
bers of  the  Society  who  are  interested  in  this  branch  of  the  profession, 
should,  from  their  experience  and  observation,  give  their  views  as  to 
what  change  could  be  effected  in  the  composition  of  the  coating  material, 
BO  as  to  render  it  more  durable  than  it  is  found  to  be  in  jaractice.  The 
coating  as  applied  to  both  exterior  and  interior  surfaces  of  the  wrought 
iron  36  and  24- inch  pipe  used  in  the  coaduit  was  composed  of  about 
equal  parts  of  refined  Trinidad  asphaltum  and  coal-tar  pitch,  the  pro- 
portions being  somewat  varied  in  cold  weather  by  an  increase  in  asphal- 
tum, as  the  coal-tar  pitch  had  a  tendency  to  make  the  mixture  brittle.* 
The  testimony  of  those  who  have  seen  the  exterior  of  the  wrought  iron 
conduit  pipe  is  to  the  effect  that  the  coating  is  still  in  a  good  condition 
(the  same,  however,  is  mainly  true  in  the  case  of  the  cast  iron),  but  un- 
fortunately in  no  case  has  the  interior  of  the  pipe  been  seen. 

In  connection  with  this  question  of  coating  wrought  iron,  the  writer 
personally  examined  a  case  where  a  24-inch  wrought  iron  pipe  used  as  a 
flume  for  conveying  water,  and  which  was  coated  with  "Black  Paratine 
Varnish,"  ordinary  boiler-maker's  composition,  was  exposed  after  seven- 
teen years'  life,  it  having  been  laid  in  1874  and  exposed  April  3d,  1891. 
The  pipe  coating  showed  a  bluish  black  color,  and  exhibited  no  signs 
of  corrosion.  Judging  from  the  exterior,  as  seen,  the  question  may  be 
asked:  Is  the  interior  asphaltum  coating  a  preservation  against  corro- 
sion? The  members  of  the  Society  are  respectfully  requested  to  send 
in  contributions  also  on  this  point. 

It  may  be  of  interest  to  state  that  Mr.  Nichols  made  what  is  believed 
in  this  country  to  be  the  first  examination  in  the  nature  of  accurately 
determining  "  Discharge  from  Drainage  Basins."  He  acted  as  Mr.  Jervis' 
assistant,  and  was  for  two  years  gauging  the  flows  of  Eaton  and  Madison 
Brooks,  for  feeding  the  summit  level  of  the  Chenango  Canal,  f 

George  W.  Rapter,  M.  Am.  Soc.  C.  E. — In  closing  the  debate  I  may 
first  call  attention  to  a  fact  that  has  been  apparently  lost  sight  of  by  some 
of  the  gentlemen  participating,  namely,  that  the  tests  briefly  recorded  in 
the  paper  on  the  Hydraulics  of  the  Hemlock  Lake  Conduit,  etc.,  were 
not  undertaken  originally  for  the  purpose  of  either  discovering  new 
principles  in  hydraulics  or  confirming  old  ones,  but  merely  for  the 
purpose  of  fiuding  out  by  the  application  of  known  principles  why  the 
Hemlock  Lake  Conduit  of  the  Rochester  Water  "Works  only  delivered 
in  the  summer  of  1890  about  73  per  cent,  of  what  it  had  been  claimed  to 
be  doing  a  little  over  a  year  before.  Instructions  to  begin  the  tests  were 
given  by  the  Executive  Board  to  the  writer  on  July  7th,  1890.     At  the 

*For  a  further  statement  see  Report  of  J.  Neleon  Tubbs,  M.Am.  Soc.  C.  E.,  for  year 
ending  January,  1874,  page  25. 

+  See  Report  of  J.  B.  Jervis,  dated  January  14th,  1836.  Reported  in  Senate  Doc,  No.  52, 
N.  Y.  S.,  for  the  year  1838.  p.  209;  also  in  State  Engineer's  and  Surveyor's  Report,  State  of 
N.  Y.,  for  1862,  pp.  203  and  204. 
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same  time  it  was  requested  that  the  work  be  completed  and  the  results 
presented  in  not  exceeding  thirty  days  from  that  date. 

On  looking  the  matter  up  it  was  found  that  the  original  construction 
bench  marks  were  nearly  all  obliterated  and  the  records  were  deficient 
in  many  respects.  It  appeared  necessary,  therefore,  to  make  a  new  jiro- 
file  with  careful  location  of  all  the  details.  The  measurements  were  made 
with  a  100-foot  steel  tape,  and  the  locations  of  the  air  valves  are  believed 
to  be  fairly  accurate  to  the  nearest  foot.  The  new  series  of  benches  have 
been  referred  to  in  the  paper. 

Reference  has  been  made  in  the  discussion  to  my  results  as  not 
scientifically  correct.  The  writer  of  this  statement  probably  means 
minutely  correct,  in  which  case  it  becomes  at  once  evident  there  is  as 
yet  no  science  of  hydraulics.  An  engineer  is  not  necessarily  a  man  of 
science  in  the  sense  of  always  working  to  the  second,  third  or  fourth 
decimal.  As  one  who  "  adapts  the  forces  of  nature  to  the  comfort  and 
convenience  of  man,"  he  will  often  be  obliged  to  use  the  things  at  hand; 
and  generally  he  is  the  best  engineer  who  uses  the  material  at  hand  in 
the  shortest  time  for  the  attainment  of  the  desired  result. 

In  writing  my  papers,  details  have  been  purposely  omitted  as  likely 
to  be  of  little  interest  to  the  Society.  Inasmuch,  however,  as  the  detail 
has  been  asked  for,  I  will  endeavor  to  give  snch  as  seem  necessary  in 
reply  to  the  discussion. 

It  is  conceded  on  my  part  that  whatever  the  actual  performance  of 
the  Rochester  conduit  may  be,  its  theoretical  cajDacity  is  in  the  vicinity 
of  9  000  000  gallons  daily;  but  the  realization  of  this  capacity  in  actual 
performance  would  imply  that  theoretical  conditions  were  complied 
with  in  its  construction.  The  positive  statements  to  the  contrary  by  in- 
telligent persons  should  be  taken  account  of  in  discussing  the  question, 
and  it  is  because  of  the  existence  of  such  information  that  I  have  doubted 
the  correctness  of  the  original  determination. 

In  reviewing  the  remarks  of  Mr.  Kuichling  I  will,  for  convenience, 
use  the  same  heads  which  he  has  himself  used,  namely,  first,  second, 
third,  fourth. 

(1)  It  is  admitted  that  the  observations  given  in  Table  No.  1  were 
not  simultaneous;  they  were  not  even  all  taken  on  the  same  day.  Indeed 
I  know  of  no  practicable  way  by  which  they  could  be  all  taken  simul- 
taneously, although  they  might  possibly  all  be  taken  on  the  same  day. 
As  shown  by  Table  No.  1  and  the  i^rofile  Plate  XII,  there  are  sixty-nine 
air  valves  between  Rush  Reservoir  and  Hemlock  Lake,  and  sixty-nine 
simultaneous  observations  would  imjDly  at  any  rate  sixty-nine  observers, 
each  with  at  least  two  assistants.  However,  at  about  ten  valves  the  con- 
ditions are  such  that  two  observers  would  be  required  with  four  or  five 
assistants.  Simultaneous  observations  would  therefore  imply  say 
seventy-five  observers  with  one  hundred  and  sixty  assistants,  or  a  total 
of  two  hundred  and  thirty -five  men  in  all.  Before  the  work  could  be 
properly  performed,  all  of  these  persons  would  need  special  instructions 
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by  actual  practice  in  the  field.  Mr.  Kuichling's  objection  that  the 
observations  were  not  taken  simultaneously  may  be  therefore  dismissed 
"without  further  consideration. 

Mr.  Kuichling  has  compiled  in  his  Table  A  the  record  of  work  from 
day  to  day,  and  about  what  can  be  done  by  one  party  is  there  indicated 
at  various  parts  of  the  line.  From  six  to  eight  fully  equipped  jDarties 
would  be  required  for  doing  the  work  in  one  day,  and  this,  while  not 
impossible  of  attainment,  would  also  be  somewhat  difficult. 

In  reference  to  these  observations  it  is  stated  that  they  were  begun, 
as  indicated  in  the  appendix,  on  July  25th,  1890.  At  that  time  repairs  of 
a  serious  leak  at  about  Station  70  were  in  progress,  and  it  was  found 
that  the  eftect  of  the  centrifugal  pump  in  use  for  draining  the  excava- 
tions was  clearly  felt  in  causing  a  pulsation  in  the  flow  of  the  conduit. 
This  was  especially  marked  on  July  26th  and  all  the  observations  taken 
during  the  working  hours  of  these  two  days  were  accordingly  rejected. 
During  the  night  of  July  26th  and  a  jsortion  of  the  morning  of  July  27th, 
while  the  said  jiump  was  not  in  operation,  a  series  of  observations  were 
taken  at  Air  Valves  83,  84  and  85,  in  order  to  determine  whether  iJulsa- 
tions  took  place  when  there  were  no  such  disturbing  influences  as  had 
existed  during  the  working  hours  of  July  25th  and  26th.  The  result 
of  these  observations  was  as  per  following: 

TABLE  No.  3. 


July  26th  and  27tli. 
Hours. 

Elevation  of 
Piezometer  at  Air 

July  26th  and  27th. 
Hours. 

Elevation  of 
Piezometer  at  Air 

Elevation  of 
Piezometer    at 

Valve  83. 

Valve  84. 

Air  Valve  85. 

July  26,  7     p.  M. 

July  26,  7     p.  M. 

7.30   •' 

380.72 

7.45   " 

381.23 

381.52 

8 

380.72 

8.15   " 

381.23 

381.47 

8.30   " 

380.69 

8.45   " 

381.17 

381.61 

9 

380.70 

9.15   •• 

381.16 

381.50 

9.30    " 

380.71 

9.45    " 

381.17 

381.48 

10 

380.74 

10.15   " 

3S1.17 

381.48 

10.30   " 

380.73 

10.45    " 

381.20 

381.47 

11 

380  73 

11.16   " 

881.21 

381.47 

11.30  '• 

380.73 

11.45   - 

381.16 

381.50 

12 

380.70 

July  27,  0.15  a.m. 

381.17 

381.49 

July  27,  12.30  a.m. 

380.71 

0.45   " 

381.17 

381.44 

1 

380.71 

1.15   " 

381.17 

381. 4T 

1.30   " 

380.71 

1.45   " 

381.18 

381.47 

2 

380.71 

2.15   " 

381.18 

381.47 

2.30   " 

380.73 

2.45   '• 

381.18 

381.47 

3 

38(1.73 

3.15   " 

381.18 

381.47 

3.30   " 

380.73 

3.45   " 

381.18 

381.47 

4 

380.725 

4.15    " 

381.175 

381.47 

8.30  " 

380.73 

8.25   •• 

381.21 

381.57 

9 

380.73 

9.05   " 

381.22 

381.61 

11.15   " 

381.18 

381.49 

Taking  the  means  we  obtain 
Air  Valve  85  — 

Air  Valve  84  — 


Grade. 

0  —  381.474 

(0.295)  —  0.4307 
685  —  381.179 

(0.456)  —  0.4449 
Air  Valve  83  —  1  025  —  380.723. 
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Mr.  Kuicbling  has  given  in  his  Table  A  the  series  of  observations 
(a),  (b)  and  (c)  for  July  2Gtb,  at  these  valves.  All  observations  as  here  tabu- 
lated for  July  25th  and  2Gth,  have  been  rejected  by  reason  of  known 
disturbance  from  the  pump  already  referred  to. 

In  the  same  way  other  observations  have  been  rejected  for  good  and 
sufficient  reason.  Relative  to  this  matter  of  rejecting  observations,  I 
may  refer  to  the  dictum  of  Mr.  Wright.     He  says  :* 

"  In  milking  a  series  of  observations  the  observer  is  given  full  i^ower. 
He  can  vary  the  arrangements,  choose  his  own  time  for  working,  reject 
any  result  or  set  of  results  ;  he  can  do  anything,  in  fact,  that  in  his  best 
judgment  will  tend  to  give  the  best  value  of  the  observed  quantity." 

In  reference  to  the  rise  of  water  surface  at  Rush  Reservoir,  a  study 
of  the  matter  with  a  profile  platted  at  large  scale  shows  that  this  also  is 
not  of  such  significance  as  to  in  any  degree  vitiate  the  conclusions. 

(2)  Tiie  fluctuations  referred  to  by  Mr.  Kuichling  were  frequently 
observed,  and  the  recorded  elevations  in  the  notebooks  show  the 
mean  of  the  fluctuations  at  the  time  of  making  the  observations.  Usually 
the  range  was  from  0.02  to  0.05,  and,  except  at  air  valves  55,  56  and  57, 
very  rarely  as  much  as  0.07,  although  0.10  has  been  observed  on  a  few 
occasions.  The  fluctuations  were  mostly  followed  by  periods  of  rest,  dur- 
ing which  the  level  of  water  in  the  piezometer  was  nearly  constant,  and  to 
which  it  may  be  said  to  return  after  one  of  the  periodic  fluctuations. 
With  very  short  distances  between  air  valves  an  error  in  grade  may 
occur  by  reason  of  these  fluctuations,  but,  so  far  as  the  final  result  on 
the  long  lines  is  concerned,  the  fluctuations  have  practically  no  signifi- 
cance. It  will  be  observed  that  my  conclusions  in  the  paper  are  based 
entirely  upon  the  resiilts  for  the  long  line,  and  it  is  these  results  that 
Mr.  Kuichling  must  show  untrue  before  the  conclusions  of  my  ijaper 
are  in  any  way  impeached. 

At  air  valves  55,  56  and  57  a  record  was  kept  for  a  number  of  days, 
but  the  observations  were  not  reduced  last  year  for  lack  of  time,  and  in- 
asmuch as  the  notes  are  not  now  in  my  custody  I  have  as  yet  had  no 
opportunity  of  reducing  them.  The  relatively  great  and  sudden  fluctua- 
tions at  air  valves  55,  56  and  57  may  to  some  slight  extent  be  due, 
as  suggested  by  Mr.  Kuichling,  to  disturbances  by  reason  of  the  j^rogress 
of  repairs.  They  occurred,  however,  not  only  at  times  when  no  repairs 
were  going  on,  but  also  when  the  conduit  was  found  by  trial  to  be  free 
of  air.  They  are,  I  believe,  largely  due  to  disturbing  influences  in  the 
way  of  obstructions  in  the  conduit  itself  in  the  vicinity  of  air  valve  56. 
The  statement  of  the  keeper  of  Rush  Reservoir  in  regard  to  discharge  of 
air,  as  made  to  me,  applied  only  to  periods  immediately  following  the 
emptying  and  refilling  of  the  line. 

There  is,  however,  no  question  as  to  the  freedom  of  the  conduit 

*  A  Treatise  on  the  Adjustment  of  Observations.  By  T.  W.  Wright.  See  Note  II  on  tha 
Eejection  of  Observations,  page  131. 
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from  air  during  tlie  period  covered  by  these  tests.  Special  care  was  ex- 
ercised on  this  point,  not  only  by  observation  when  opening  air  valves 
for  the  tests,  but  by  frequently  opening  valves  at  critical  jDoints  where 
the  tests  were  not  in  progress  in  order  to  insure  such  freedom. 

(3)  Taking  up  the  question  of  pressure  gauges  as  used  from  air 
valves  46  to  23,  it  may  be  said  that  the  four  gauges  used  on  August  5th 
and  6th  were  from  the  Utica  Steam  Gauge  Company,  while  the  two  in  use 
August  15th  and  16th  were  made  to  special  order  by  Schaefler  and  Bud- 
enburg.  The  history  of  the  matter  is  as  follows:  Several  new  Utica  Steam 
Gauge  Company's  gauges,  purchased  for  another  purpose,  were  on  hand 
at  the  time  of  beginning  these  tests,  and  it  was  assumed  that  an  ordinary 
pressure  gauge  would  answer  the  pixrpose  of  determining  whether  there 
were  special  obstructions  at  particular  points.  It  was  further  assumed 
that  even  though  the  gauges  were  not  absolutely  standard,  so  long  as 
the  error  remained  the  same  or  nearly  the  same  at  every  point,  the  indi- 
cation of  rate  of  grade  between  consecutive  points  might  be  accepted  as 
reasonably  accurate.  The  truth  of  this  latter  assumption,  which  is  the 
important  one,  is  shown  by  comparing  the  results  between  air  valves 
35  and  29  as  obtained  August  5th  and  August  16th,  respectively.  The 
gauges  used  August  5th  are  known  to  have  been  at  least  a  pound  in  error, 
yet  the  grade  obtained  on  that  day  bears  the  proper  relation  to  the 
grade  of  August  16th.  The  Utica  Steam  Gauge  Company's  gauges, 
however,  were  not  satisfactory,  and  the  work  was  therefore  stopped  on 
August  6th  and  a  special  order  given  to  Schaeffer  and  Budenburg  to 
make  a  pair  of  gauges  which  would  stand  the  pressures  required.  The 
gauges  received  from  them  were  the  Nos.  1  076  544  and  1  076  545, 
referred  to  by  Mr.  Kuichling.  They  were  tested  together  on  August 
14th,  1890,  giving  the  first  record,  tabulated  by  Mr.  Kuichhug.  They 
were  again  tested  August  23d,  giving  the  second  record  of  Mr.  Kuich- 
ling's  table.  It  was  fully  understood  at  the  time  of  making  these 
tests  that  the  Woodbury  Engine  Company's  test  gauge  was  far  from 
correct,  and  the  record  of  that  gauge  has  no  significance  other  than  as 
showing  its  incorrectness.  These  tests  of  gauges  were  made  at  the 
Woodbury  Engine  Company's  shop  by  reason  of  a  pump  and  con- 
venient appliances  for  attachment  of  gauges  being  at  hand  there. 
Schaefler  and  Budenburg  certify  in  writing  that  the  two  gauges  were 
made  to  a  special  order,  were  accurately  adjusted  to  standard  and  were 
warranted  to  stand  water  pressure  up  to  150  pounds.  The  tests  made 
both  before  and  after  their  use  in  the  Eochester  conduit  justifies  this 
statement  on  their  part. 

Mr.  Kuichling  refers  to  his  Table  A,  and  diagrams,  Plate  XIII, 
as  illustrating  the  uncertainties  attending  the  use  of  pressure  gauges. 
I  have  already  stated  that  a  considerable  portion  of  the  data  which  he 
has  cominled  in  these  two  exhibits  was  rejected  because  of  known  inac- 
curacy. The  probable  limit  of  error  in  the  matter  is,  I  believe,  jiroperly 
indicated  in  the  foregoing  explanation. 
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(4)  As  to  the  relation  between  nominal  diameters  and  actual  diam- 
eters I  would  refer  to  the  annual  rejjort  of  1876,  which  states  that  the 
diameters  were  determined  at  24  inches  and  36  inches  respectively,  from 
careful  measurements  made  duriug  the  progress  of  the  work. 

This  question  was,  however,  given  attention  at  the  time  of  making 
the  tests.  The  24-inoh  cast  iron  pipe  was  cast,  I  believe,  at  three  different 
foundries,  and  pieces  of  the  same  class  from  different  foundries,  as  meas- 
ured last  year,  gave  different  results.  The  sections  of  wrought  iron 
pipe  still  in  stock  were  found  to  vary  somewhat,  and  there  was  no  way 
of  treating  the  matter  except  to  assume  the  nominal  diameter,  and  vari- 
ations from  other  causes  were  probably  greater  than  those  due  to  this 
assumption.  The  figures  given  by  Mr.  Kuichling  indicate  that,  gener- 
ally speaking,  the  variations  in  diameter  are  in  the  right  direction  to 
favor  tlie  pipe. 

Mr.  Kuichling  is  in  error  in  stating  that  the  method  used  in  changing 
the  direction  of  the  pipe  was  not  taken  into  account.  It  was  not  only 
considered  carefully,  but  in  my  percentage  comparisons,  allowances 
have  been  made  in  excess  of  the  real  necessities  of  the  case,  as  is  shown 
by  what  follows: 

Let  us  estimate  the  amount  of  head  which  is  probably  consumed  in 
overcoming  the  various  resistances  due  to  bends  and  angles  in  this  pipe, 
making  use  of  the  method  of  Weisbach,  found  in  Neville's  Hydraulics,* 
Section  XI,  where  is  given  a  convenient  epitome  of  the  several  experi- 
mental researches  on  the  subject.  Weisbach's  formula  apparently  takes 
into  account  all  the  several  elements  of  the  problem.  It  is,  moreover, 
based  on  experiments  with  small  pii3es,  and  it  may  be  safely  assumed 
that  the  actual  resistance  from  bend  in  pipes  2  and  3  feet  in  diameter 
will  not  be  greater  than  is  indicated  by  the  formula. 

The  final  expression  for  the  loss  of  head  due  to  bends  in  circular 
pipes  is  : 

,,=  ^  |0.131  +  1.847  (^)^   i-^ m 

in  which 

7ij  =  head  in  feet  consumed  in  overcoming  the  special  resistance 

due  to  any  given  bend  or  curve; 
<p  =  the  deflection  angle; 

d  =  the  diameter  of  the  pipe  in  which  the  bend  is  inserted; 
and        p  =  the  radius  of  the  axis  of  the  bend. 

For  the  36-inch  pipe  two  separate  cast  iron  bends  were  provided, 
namely,  8  degrees  and  15  degrees.  These  are  what  may  be  termed 
short  bends,  the  radius  of  the  axis  being  the  semi-diameter  of  the  pipe. 
Let  us  apply  formula  (1)  to  the  15-degree  bend. 

With  a  discharge  of  6  700  000  gallons  in  twenty-four  hours  v  =  1.467 

•  "  Hydraulic  Tables,  Oo-efficiente  and  Formulas,  etc."  By  John  Neville.    Third  Ed.,  1875. 
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linear  feet  per  second.     For  convenience  we  will  take  it  at  1 . 5.     We 
have  then  for  the  15-degree  bend: 

Ml  =  0.0059. 

If  we  compute  the  value  of  h^  for  the  36-inch  (8-degree)  bend,  we 
find: 

hby  =  0.00316. 

Table  No.  4  gives  the  number  of  bends  on  the  36-inch  pipe,  and 
there  was  one  of  40  degrees  at  statical  493  +  65.  This  was  a  special  of 
20  feet  radius,  made,  probably,  of  about  the  form  shown  in  Fig.  1. 

Formula  (1)  for  this  "  special  "  gives 

hb^  =  0.00002  — . 

In  the  same  way,  the  formula  gives  for  bends  of  intermediate  de- 
grees of  deflection  a  nearly  inappreciable  loss  of  head.  Table  No.  4  gives 
in  detail  all  the  bends  on  the  36-inch  pipe.  In  the  column  of  "  Resist- 
ance allowance  "  is  given,  without  actual  computation  for  every  case, 
what  may  be  considered  the  reasonable  allowance  for  each  bend. 

TABLE  No.  4. 


■3  ® 

^0 

Station. 

m  a 

"i^ 

1 

79  +  03 

!i 

82  +  70 

3 

83  +  00 

4 

100  +  73 

6 

161  +  00 

6 

166  +  85 

7 

167  +  15 

8 

191  +  50 

9 

221  +  40 

10 

221  +  75 

11 

249  +  00 

12 

263  +  23 

13 

273  +  13 

14 

273  +  70 

15 

274  +  00 

16 

275  -)-  20 

17 

283  +  20 

18 

312  +  58 

19 

318  +  00 

20 

318  +  15 

21 

319  +  65 

22 

327  +  00 

23 

333  +  10 

24 

333  +  70 

25 

341  +  GO 

26 

342  +  30 

27 

344  +  00 

28 

347  +  00 

29 

349  +  00 

30 

354  +  50 

o 

o  X. 

^5  <c 

H  O 

14° 

H 

14° 

V 

14° 

r 

13°  53' 

H 

15° 

H 

15° 

H 

15' 

H 

28° 

H 

12°  20- 

H 

8° 

V 

10° 

V 

8° 

r 

15° 

V 

15° 

V 

8° 

V 

8° 

V 

8^ 

V 

15° 

V 

7° 

H 

15° 

r 

15° 

V 

7° 

n 

12° 

V 

8° 

V 

15° 

n 

15° 

V 

10° 

H 

18° 

V 

8° 

H 

8° 

H 

Specialt 
* 

Specialt 
Hubt 


For'd  , 


u 

'S  o 

u 
03  3 

0.006 

31 

0.006 

32 

0.006 

33 

0.006 

34 

0.006 

35 

0.0U6 

36 

0.006 

37 

0.010 

38 

0.005 

39 

0.004 

40 

0.004 

41 

0.004 

42 

0.006 

43 

0.006 

44 

0.004 

45 

0.004 

46 

0.004 

47 

0.006 

48 

0.003 

49 

0.006 

50 

0.006 

51 

0.003 

52 

0.009 

53 

0.004 

54 

0.006 

55 

0.006 

56 

0.0045 

57 

0.020 

58 

0.004 

59 

0.0U4 

60 

0.1745 

Station. 


355  +  00 
357  +  00 

370  +  72 

371  +  72 
386  +  43 
390  +  36 
393  +  40 
395  +  65 
411  +  00 
417  +  dO 
419  +  30 

423  +  60 

424  +  05 
432  +  00 
432  +  51 

436  +  00 

437  +  00 
445  +  00 
447  +  50 
461  +  50 
466  +  25 
486  +  16 

486  +  75 

487  +  15 

488  +  50 
490  +  00 
493  +  23 

493  +  65 

494  +  12 
496  +  00 


^    . 

■S  " 

©■ 
to 

St: 

as 

10° 

V 

20° 

V 

15° 

V 

10° 

V 

19° 

H 

9° 

V 

13°  30' 

V 

9°  30' 

V 

2°  30' 

H 

10°  20- 

V 

10°  20' 

r 

15° 

r 

15° 

V 

13i° 

r 

8° 

V 

8° 

V 

8° 

r 

6° 

V 

7° 

H 

30° 

H 

23°  20' 

n 

15° 

r 

30° 

V 

1H° 

V 

■20' 

V 

16" 

H 

20° 

V 

40° 

V 

8° 

V 

11° 

H 

S   Remarks. 


Br 't  for'd. 


Specialt 

Specialt 

Hubt 

Hubt 

Hubt 

Hubt 


Hubt 

Hubt 

Hubt 

Hubt 

Hubt 

Hubt 

Specialt 

Specialt 

Hubt 

Special  f 

Hubt 

Specialt 

Hubt 

Specialt 

Specialt 

Hubt 

Bend* 


0.1745 

0.0045 

0.0250 

0.006 

0.0045 

0.0250 

0.0045 

0.0060 

0.0015 

0.0001 

0.0045 

0.0045 

0.006 

0.006 

0.006 

0.004 

0.004 

0.004 

0.003 

0.004 

0.0005 

0.0004 

0.006 

0.0005 

0.005 

0.0004 

0.007 

0.0004 

0.0015 

0.004 

0.1105 


Amount.    0.3313 


*  Record  does  not  indicate  what  was  used. 

t  As  per  Fig.  2,  with  20  feet  radius. 

t  Special  cast  iron  bend  with  radius  of  axis  equal  to  semi-diameter  of  pipe. 
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In  assigning  values  iu  the  column  of  resistance  allowance  it  is  assumed 
that  at  places  where  the  deflection  is  either  8  or  15  degrees  the  special 
<5a3t  iron  bends  were  used.  At  odd  angles  where  no  indication  is  given, 
I  have  used  a  large  enough  value  to  cover  an  abrui^t  angle. 

We  thus  determine  that  0.3313  feet  is  the  approximate  theoretical 
value  of  the  resistance  due  to  bends  in  the  36-iuch  sections  with  a  daily 
delivery  of  6  700  000  gallons. 

I  have  never  seen  any  record  as  to  the  bends  in  the  24-inch  wrought 
iron  pipe,  and  am  unable  therefore  to  state  the  losses  in  that  portion  of 
the  condiiit.  With  a  higher  velocity  and  smaller  diameter  the  effect  of 
bends  in  it  will,  of  course,  be  relatively  much  greater,  but  a  very  casual 
examination  of  the  question  will  convince  one  that  friction  iu  bends 
does  not  explain  the  excessive  resistance  found  in  that  section. 
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Fig.  1. 

In  order  to  compare  the  resistance  in  the  whole  conduit  as  actually 
determined  by  the  tests  with  that  in  theoretically  perfect  pipe,  the  value 
of  h"  was  comiDuted  in  the  formula — 


h" 


0"')57. (^' 


in  which 

h"  =  the  loss  of  head  due  to  the  various  frictional  resistances  in  a 
thousand  feet. 
V  =  velocity  in  feet  per  second  =  1.467  for  the  36-inch  pipe  when 

discharging  6  700  000  gallons  in  twenty -four  hours, 
w  =  a  co-efficient,  derived  from  Mr.  Fanniug's  diagram.* 
For  36-inch  pipe  with  velocity   of  1.467  per  second  we  may  take 
m  =  0.00448.     I  =  length  in  feet  =  1  000  feet,     d  =  diameter  in  feet  = 
3  feet. 

Whence  for  the  36-inch  pipe  h"  =  0.199596  =  say,  0.2, 
This  represents  the  result  of  reliable  experiment  as  to  loss  of  head 
per  1 000  feet  for  a  daily  discharge  of  6  700  000  gallons  in  pipes  36  inches 
in  diameter;  and  it  is  clear,  since  the  effect  of  bends  has  been  found  so 
slight,  that  this  value  of  h"  could  be  fairly  \ised  for  the  percentage  com- 
parisons as  given  in  the  summary  to  the  pajjer.     In   order,  however, 


*  Plate  XI,  Vol.  XIZ,  of  the  XranaactionB  of  the  Society. 


64  DISCUSSION    ON   THE    USE   AND   WASTE   OF   WATER. 

that  I  might  do  the  conduit  no  injustice,  I  have  used  0.3  in  making  the 
percentage  comparisons  for  this  sized  jDipe.  In  the  same  way  a  theoreti- 
cal value  of  h"  =  1.60  was  obtained  for  the  24-inch  pipe  and  1.75  used 
in  making  the  comparisons.  There  is  no  reason,  however,  why  the  com- 
parisons cannot  be  legitimately  made  with  the  values  0.2  and  1.60,  and 
these  values  will  accordingly  be  used  for  such  purj^ose  for  the  balance  of 
this  discussion. 

Mr.  Kuichling's  remarks  on  the  question  of  bends  can  only  be  taken 
as  meaning,  that  he  is  disposed  to  explain  a  large  portion  of  the  excess 
loss  in  the  36-inch  pipe  at  any  rate  as  due  to  the  bends.  In  the  original 
comijutatiou  for  a  7  000  000-gallon  conduit  an  addition  of  0.267  feet  was 
made  to  the  diameter  on  account  of  the  supposed  considerable  influence 
of  bends  in  the  upper  section  ;  while  in  the  lower  section  only  0.009 
feet  was  added  for  the  same  reason.  The  clear  indication  at  the  present 
time  is  that  there  is  a  lack  of  proportion  between  the  36-inch  and  the 
24-inch  sections  of  this  conduit.  The  discharging  capacity  of  the  24- 
inch  is  considerably  less  than  that  of  the  36,  as  shown  by  the  height 
of  piezometer  column  at  air  valve  53,  but  whether  this  is  due  to 
changed  conditions  or  to  original  lack  of  proportion,  is  unknown. 

Moreover,  if  it  is  true  that  the  bends  are  in  any  large  degree  responsi- 
ble for  the  excessive  friction  in  the  36-inch  pipe,  it  follows,  that  where 
there  are  either  no  bends  or  only  a  few,  the  friction  should  be  much  less. 
Now  what  is  the  fact  ?  From  the  gatehouse  at  Hemlock  Lake  to  air  valve 
91,  the  alignment  is  not  only  nearly  straight,  but  for  a  large  portion  of 
the  distance  the  pipe  is  laid  on  a  true  grade.  Just  before  reaching  air 
valve  91,  however,  there  are  three  bends  of  14  degrees  each.  The  hy- 
draulic grade  from  the  gatehouse  to  air  valve  91  is  0.44,  or  0.01  less  than 
the  mean  grade  for  the  entire  distance  to  air  valve  53.  Again,  from  air 
valve  75  to  air  valve  74  the  grade  is  0.56,  while  in  the  intervening  space 
there  is  only  one  bend  of  10  degrees. 

Table  No.  5  gives  the  equivalent  diameters  of  pipes  which  will  allow 
the  water  now  flowing  to  pass  with  only  the  loss  of  head  per  unit  of 
length  that  has  been  found  to  exist  by  experiment  with  such  pipes. 

Taking  the  fundamental  formula — 

v=  GVlfS   (3) 

in  which  the  mean  value  of  Cfor  these  computations  =117  and  substi- 
tuting in  it  the  equivalents  of  jR  and  -S",  which  are  R  =  -—  and  S  ^  ——, 
we  have 


Id       h" 


(4) 

where  d  =  diameter  of  conduit  in  feet, 

h"  =  head  iised  in  overcoming  resistance  in  a  distance  I  in  feet  as 

already  found,  namely, 
for  36-inch  pipe  h"  =  0.2  in  1  000  feet,  for  24-inch  pipe  h'  =  1.6() 
in  1  000  feet,  and  /  =  1  000  feet. 
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The  general  equation  for  velocity  is: 

-  =  1 (5) 

Combining  equations  [4)  and  (5)  there  results : 

«  =  -^'^%/Tr «=) 

whence  we  determine  d  =  -i=r,  >,T,  „-  (7) 

and  dF^  =  -^^  (8) 

In  this  form  the  problem  resolves  itself  into  computing  with  known 
values  of  Q,  I,  6' and  h" ,  the  value  of  dF^,  and  then  finding  by  inspec- 
tion and  trial  such  value  of  d  as  will,  with  its  corresponding  value  of  F, 
satisfy  the  equation.  In  this  way  the  values  of  (/,  as  given  in  the  last 
column  of  Table  No.  5,  have  been  found. 

Table  No.  5 — Showing  the  Equivalent  Size  of  Theoretically  Per- 
fect Pipe  for  the  Approximate  Actual  Delivery  of  the  Sev- 
eral Sections  of  the  Heiilock  Lake  Conduit  op  the  Rochester 
Water- Works  in  1890. 


Section  of 

Equivalent  Size 
of  Pipe  for 

Actual  Delivery 
in  inches. 

Section  of 

Equivalent  Size 
of  Pipe  for 

Actual  Delivery 
in  inches. 

Section  of 

Equivalent  Size 
of  Pipe  for 

Actual  Delivery 
in  inches. 

Conduit. 

Conduit. 

Conduit. 

Well  House  to 

A.  V.  68  to  A.  V 

67 

29     A. 

V.  49  to  A.  V 

.48 

22 

A.  V.  91 

31 

"  67 

6fi 

33 

•  48 

47 

23 

A.  V.  91  to  A.  Y.  38 

33 

«'  66 

64 

32 

•  47 

46 

21 

'  88    "   87 

29 

"  64' 

63 

31 

.  46 

45 

24 

■  87    "   79 

31 

"  63 

62 

31 

•  45 

44 

22 

'  79    "   78 

32 

"  62 

61 

32 

•  44 

42 

23 

'  78    "   77 

32 

"  61 

60 

27 

•  42 

41 

22 

•  77    "   76 

31 

'•  60 

69 

29 

'  41 

4U 

24 

'  76   "   75 

31 

"  59 

58 

31 

<  40 

39 

24 

'  75   •'   74 

30 

"  58 

57 

31 

'  39 

38 

21 

.  74    ..   73 

35 

«  57 

56 

31 

'  38 

37 

24 

'  73    "   72 

32 

"  56 

65 

29 

.  37 

36 

24 

'  72    •<   71 

32 

"  55 

54 

33 

•  36 

35 

24 

•  71    "   70 

32 

"  54 

63 

32 

'  35 

34 

21 

'  70    "   69 

31 

"  63 

62 

20 

•  34 

33 

19 

'  69   "   68 

30 

••    52 

51 

22 

'  33 

32 

21 

..  51 

50 

23 

•  32 

31 

20 

"  50 

49 

22 

'  31 
'  30 
'  29 
'  28 
'  27   " 

•  26 
'  25 

•  24 

30 
29 
28 
27 
26 
25 
24 
23 

21 
20 
21 
21 
20 
22 
21 
23 

The    foregoing    tabulation    may    serve   to  saliently  illustrate    the 
decreased  capacity  due  to  increase  of  hydraulic  gradient. 
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Mr.  Kuicbling  gives  fresh  water  sponge  as  one  of  the  principal  causes- 
of  the  present  decreased  delivery  of  the  conduit.  I  do  not  agree  with 
this.  In  February,  1888,  in  a  jjaper  on  the  Micro-organisms  in  Hemlock 
water,  which  I  read  before  the  Rochester  Academy  of  Science,  I  called 
attention  to  the  fact  that  at  that  time  the  spicules  of  fresh  water  sponge 
were  present  in  every  filtering.  In  the  following  mouths  of  May  and 
June,  Mt.  Hope  Reservoir  was  drawn  off  for  repairs  and  an  examination 
there  revealed  some  considerable  amount  of  sponge  growing  attached  to 
the  masonry  in  the  outlet  well.  This  was  removed  and  the  walls 
scraped  clean.  The  bottom  and  sides  of  the  reservoir  and  end  of  the 
inlet  pipe  were  also  examined  at  the  same  time  without  giving  any 
further  indication  of  the  presence  of  sponge.  In  July  and  August 
of  that  year.  Rush  Reservoir  was  also  entirely  empty,  and  on 
examination  no  sponge  was  found.  A  similar  examination  was 
made  about  the  same  time,  by  raking  the  sides  of  the  masonry 
of  the  well  at  Hemlock  Lake.  Scrapings  from  the  screens  at 
Hemlock  Lake  and  the  reservoirs  were  also  examined  microscoijically 
several  times  during  the  summer  and  fall  of  1888  and  the  following 
winter.  In  no  case  was  any  further  indicatioQ  other  than  occasional 
spouge  spicules  found,  and  inasmuch  as  the  amount  of  sijonge  discov- 
ered in  the  outlet  well  at  Mt.  Hope  reservoir  in  the  spring  of  1888  was 
probably  enough  to  account  for  the  spicules  seen  the  previous  winter, 
it  was  concluded  that  the  cleaning  of  the  masonry  at»  Mt.  Hope  had 
removed  their  chief  source.  Since.  1889  a  number  of  microscopical 
examinations  have  been  made,  especially  during  last  winter,  without 
discovering  more  than  an  occasional  sponge  spicule.  I  therefore  ven- 
ture the  oijinion  that  fresh  water  sponge  is  not  the  chief  catise  of  the 
trouble. 

Is  it  not  possible  that  what  Mr.  Kuichling  really  saw  in  the  Rxish 
Reservoir  stop  gate  on  September  19th,  1890,  was  not  fresh  water  s2?onge, 
but  fresh  water  polyzoa?  The  statoblasts  of  a  number  of  species  of 
jsolyzoa  have  been  plentiful  in  the  Hemlock  water  in  the  winter  season 
for  a  number  of  years  and  it  has  always  been  something  of  a  mystery  as 
to  just  where  they  came  from.  Much  searching  at  Hemlock  Lake  has 
thus  far  utterly  failed  to  reveal  them. 

The  substance  stated  to  have  been  growing  in  the  cast  iron  pipes,  I 
have  been  unable  to  find,  and  the  difficulty  in  the  Hemlock  Lake  con- 
duit is  as  shown  entirely  in  the  wrought  iron  pipes.  We  can  hardly 
accept  the  sponge  theory,  therefore,  unless  it  be  proven  that  the  sponge, 
or  whatever  other  organism  it  may  be,  has  a  power  of  selection  and 
prefers  the  wrought  iron  pipe  to  the  cast  iron. 

It  was  found  during  the  fall  of  1890  that  when  an  accurate  pressure 
gauge  at  Mount  Hope  Reservoir  registered  18  pounds  and  Rush  Reservoir 
had  a  depth  of  from  14  to  16  feet,  the  flow  from  Rush  to  Mount  Hope 
was  just  about  equal  to  the  inflow  from  Rush  to  Hemlock  Lake;  that  is- 
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to  say,  with  14  to  16  feet  of  water  at  Bush  and  the  pressure  gauge  at 
Mouut  Hope  showing  18  pounds,  the  delivery  from  Rush  to  Mount  Hope 
■was  about  6  700  000  gallons  daily,  Mouut  Hope  being  also  at  from  14  to 
15  feet.  We  have  then  the  24-inch  east  iron  line  between  Rush  and 
Mount  Hope  Reservoirs  delivering  6  700  000  gallons  daily,  the  same  as 
due  to  an  elevation  of  35  feet  above  water  surface  at  Mount  Hope.  This 
is  shown  in  Fig.  2,  where  the  data  applying  are  compiled.  The  pressure 
gauge  in  iise  at  that  time  Avas  set  about  6 . 5  feet  below  the  mean  water 
surface  at  Mount  Hope,  and  18  pounds  indicated  pressure  gives  a  total  of 
41.5  feet  or  35  feet  above  Mount  Hope  water  surface.  The  length  of 
24-inch  cast  iron  main  from  the  outlet  at  Rush  to  the  point  of  inflow  at 
Mouut  Hope  is  46  840  linear  feet,  which  gives,  with  a  total  loss  of  head 
of  82 . 4  feet  for  the  delivery  of  6  700  000  gallons,  a  hydraulic  gradient 
per  1  000  feet  equal  to  1 .  76. 


Fig.  2. 

Substantially  the  same  rate  of  grade  also  existed  during  the  summer 
of  1891,  as  may  be  seen  by  the  following  table.  It  is  fair  to  say,  how- 
ever, that  a  new  self-recording  gauge  has  also  been  set  up  at  Mount 
Hope,  and  I  believe  it  is  about  half  a  foot  higher  than  the  old  gauge,  or 
say  6  feet  below  normal  water  surface.  Inasmuch  as  I  have  not  got  the 
detail  of  its  location,  I  am  obliged  to  base  the^argument  on  the  known 
location  of  the  old  gauge. 

Table  No.  6  shows  that  with  17  pounds  pressure  at  Mount  Hope, 
Rush  Reservoir  slowly  fell;  while,  with  20  pounds  pressure,  Rush  slowly 
rose,  and  the  movement  is  such,  even  after  making  the  necessary  allow- 
ances for  evaporation,  etc.,  as  to  indicate  that  the  point  of  equilibrium 
is  somewhat  nearer  20  pounds  than  17.  Taking  18  as  a  safe  figure,  we 
obtain  the  rate  of  1.76,  as  already  indicated. 
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Table  No.  6. — Giving  Daily  Depths  of  Water  at  Mount  Hope  and 
EusH  Resekvoiks,  and  the  Corresponding  Indications  of  the 
Pressure  Gauge  at  Mount  Hope,  from  August  1st  to  Septem- 
ber 8th,  1891. 


Mount 

Pressure 

1 
Rush. 

7    A.M. 

Mount 

Pressure 

Rush. 

7  A.M. 

Date. 

Hope, 

Gauge. 

Date. 

Hoi3e. 

gauge. 

7   A.M. 

Pounds. 

7  A.M. 

Pounds. 

August 

1.. 

13.33 

20 

14.74 

21.. 

14.50 

17 

14.48 

(Sunday) 

2.. 

13.75 

20 

14.72 

22.. 

14.33 

17 

14.46 

3.. 

14.60 

20 

14.69 

(Sunday)  23.. 

14.50 

17 

14.45 

i.. 

13.08 

15.26* 

24.. 

15.23 

17 

14.41 

5.. 

13.29 

"ie" 

15.19 

25.. 

15.12 

20 

14.42 

6.. 

13.58 

16 

15.14 

26.. 

15.00 

20 

14.44 

7.. 

13.71 

16 

15.08 

27.. 

14.83 

20 

14.48 

8.. 

13.79 

16 

15.05 

28.. 

14.58 

20 

14.52 

(Sunday) 

9.. 

13.92 

16 

15.00 

29.. 

14.54 

20 

14.52 

10.. 

14.58 

16 

14.97 

(Sunday)  30.. 

14.58 

20 

14.55 

11.. 

14.37 

16 

14.91 

31.. 

15.25 

20 

14.52 

12.. 

14.16 

17 

14.84 

Sept.           1.. 

15.16 

20 

14.53 

13.. 

14.21 

17 

14.79 

2.. 

15.25 

20 

14.54 

14.. 

12.92 

15.22* 

3.. 

15.08 

22 

14.60 

15.. 

13.50 

"ll" 

14.93 

4.. 

14.92 

22 

14.71 

(Sunday) 

16.. 

13.92 

17 

14.80 

5.. 

14.75 

22 

14.77 

17.. 

14.62 

17 

14.75 

6.. 

14.00 

22 

14.88 

18.. 

14.54 

17 

14.68 

7.. 

15.00 

22 

14.95 

19.. 

14.50 

17 

14.60 

8.. 

15.08 

22 

15.00 

20.. 

14.50 

17 

14.55 

*  Mount  Hope  gates  shut  part  of  the  day. 


This  gradient  of  1.76  per  1  000  feet  in  the  24- inch  cast  iron  pipe  be- 
tween Rush  and  Mount  Hope  being  nearly  the  same  as  that  found  in  the 
same  kind  and  size  of  pipe  between  Hemlock  Lake  and  Rush,  empha- 
sizes the  view  that  the  diflficulty  between  Hemlock  Lake  and  Rush  is 
chiefly  in  the  wrought  iron  pijDe  rather  than  in  the  cast  iron. 

The  use  of  mercury  gauges  has  been  suggested,  and  I  admit  that 
with  abundant  leisure,  observations  could  be  taken  more  accurately 
with  them,  than  with  ordinary  metallic  spring  gauges.  The  use  of  the 
mercury  gauge,  however,  is  not  altogether  a  simple  matter,  as  scrupulous 
attention  to  a  number  of  corrections  becomes  absolutely  imperative  in 
order  to  obtain  results  which  are  of  any  value  at  all;  while  with  metallic 
gauges  an  observer  who  properly  understands  the  limitations  of  his 
tool  can  quickly  reach  results  which,  although  not  accurate  to  the  third 
and  fourth  decimal  place,  are  still  sufhciently  accurate  for  most  i)rac- 
tical  purposes. 

lu  further  discussing  the  subject  matter  of  the  pajaers,  I  give  from 
official  records  Tables  Nos.  7  and  8  : 

Table  No.  7  is  derived  by  use  of  the  record  of  the  pressure  gauge  at 
Mount  Hope  Reservoir  from  Table  No.  8,  which  was  computed  by  Mr. 
Nichols.  The  location  of  the  pressure  gauge  and  its  relations  to  the 
reservoirs  are  shown  in  Fig.  3. 
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Table  No.  7. — Showing  the  Avekage  Daily  Use  of  "Water  in  the 
City  of  Rochester,  from  April  1st,  1876,  to  April  1st,  1889. 


Time— April  let  to  April  let. 

Total  Use  of  "Water  for 
Each  Year,  in  Gallons. 

Average  Use  per 
Day,  in  Gallons. 

1876-'77 

813  202  600 
1  052  530  300 
1  150  687  250 
1  409  186  850 
1  584  613  942 
1  546  898  500 
1  653  056  800 
1  763  054  100 
1  950  392  200 

1  881  019  200 

2  107  399  000 
2  207  928  800 
2  299  663  300 

2  227  953 

1877-78 

2  883  650 

1878-'79 

3  177  225 

1879-'80 

3  860  785 

1880  '81 

i  341  134 

1881  '82 

i  238  078 

1882-'83  

4  531  6C2 

1883-'84 

4  819  809 

1884  '85     

5  343  540 

1885  '80 

5  153  426 

188(;-'87 

5  773  695 

1887-'88 

6  032  565 

1888-89 

6  300  447 

Table  No.  8. — Showixg  the  Approximate  Amount  of  Water  Passing 
into  Mount  Hope  Eeservoir  from  Eush  as  Indicated  by  the 
Pressure  Gauge  at  Mount  Hope. 


<D 

b 

a 

S 

H 

Gallons  per  day 

Gallons  per  clay 

2| 

Gallons  per  day 

Gallons  per  day 

t     «^ 

as  per  Table  in 

as  per  Table  used 

as  per  Table  in 

as  per  Table  used 

■        °^P4 

An.  Kept,  for 

at  Mount  Hope 

ts  o 

An.  Kept,  for 

at  Mount  Hope 

•5 

a 

1876. 

Reservoir. 

■^  a 

•5 
a 

1876. 

Reservoir. 

53 

0 

0 

26 

5  278  421 

5  246  800 

62 

1  015  840 

1  009  750 

25 

5  375  290 

5  343  000 

51 

1  436  601 

1  428  000 

24 

5  470  550 

5  437  000 

50 

1  759  478 

1  749  000 

23 

5  563  944 

5  530  000 

49 

2  031  679 

2  019  500 

22 

5  655  917 

5  622  000 

48 

2  271  470 

2  257  900 

21 

5  746  421 

5  712  000 

47 

2  488  277 

2  473  400 

20 

5  835  628 

5  800  600 

_      46 

2  687  645 

2  671  500 

19 

5  923  816 

5  887  800 

L     45 

2  873  218 

2  856  000 

18 

6  009  754 

5  973  800 

P     ^ 

3  047  519 

3  029  000 

17 

* 

6  058  500 

T            43 

3  212  252 

3  193  100 

16 

* 

6  142  100 

42 

3  369  139 

3  349  000 

15 

* 

6  224  500 

41 

3  518  957 

3  497  900 

14 

* 

6  298  600 

_     40 

3  662  640 

3  640  700 

13 

* 

6  386  200 

L.    39 

3  800  894 

3  778  100 

12 

* 

* 

■     38 

3  937  032 

3  910  700 

11 

* 

* 

■      37 

4  063  359 

4  039  000 

10 

* 

* 

36 

4  180  384 

4  163  300 

9 

* 

* 

35 

4  309  819 

4  283  000 

8 

* 

6  773  600 

34 

4  439  914 

4  401  000 

1    7 

* 

* 

33 

4  542  941 

4  615  700 

6 

* 

* 

32 

4  655  131 

4  627  300 

5 

* 

* 

31 

4  764  672 

4  736  000 

4 

* 

* 

30 

4  821  837 

4  842  600 

3 

* 

7  174  000 

29 

4  976  496 

4  940  700 

28 

5  079  197 

5  048  800 

27 

5  179  766 

5  148  700 

*  Not  given  in  the  record. 
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Table  No.  8  was  probably  either  computed  with  the  formula. 
V  =  100  s/~lRS^  or  by  a  slight  modification  thereof.  As  it  has  been  shown 
that  at  the  present  time  the  24-inch  cast  iron  conduit  between  Rush  and 
Mount  Hope  reservoirs  delivers  6  700  000  gallons  a  day  into  Mount 
Hope,  with  a  mean  hydraulic  gradient  of  1.76  per  1  000  feet,  it  fol- 
lows that  at  full  performance  this  section  of  the  conduit  delivers  con- 
siderably more.  A  discharge  of  6  700  000  gallons  a  day  gives  for  a  24- 
inch  pipe  Qsi  =  10.367  cubic  feet,  and  Vs^  =  3.300  linear  feet. 

Taking  a  gradient  of  1.76  per  1  000,  we   obtain  for  a  delivery  of 

6  700  000  gallons  from  the  formula  F=  C  y  jB6'  a  value  of  C^  =  111, 
and  for  full  performance  we  have  Si  =  0.00251.  With  these  values  of  ASand 
Fwe  get  Fj  =  111.0  yO.5  X  0.00251=3.94,  and  for  the  daily  discharge 

7  999  500  gallons.  In  other  words,  if  6  700  000  gallons  pass  per  day, 
when  the  Mount  Hope  pressure  gauge  shows  18  pounds,  the  full 
capacity  between  Rush  and  Mount  Hope  is  practically  8  000  000  gal- 
lons per  day. 

In  the  same  way,  taking  the  daily  discharge  for  18  pounds  pressure 
at  7  000  000  gallons  as  per  Mr.  Kuichling,  and  we  obtain  a  value  of  Cj  = 
116,  with  a  daily  discharge  at  full  performance  of  8  380  000  gallons. 

Again,  a  daily  delivery  at  full  performance  of  9  292  800  gallons  gives 
a  value  for  (73=130.2. 

It  is  clear  from  the  foregoing  discussion  that  the  statistics  of  daily 
use  of  water  as  derived  from  a  tabulation  computed  on  the  assumption 
of  full  performance  of  this  conduit  of  7  174  000  gallons  daily  are  consid- 
erably in  error. 

If  we  compare  the  values  of  v  and  Qa.  for  the  several  values  111 

116 130.2,  for  various  readings  of  the  pressure  gauge,  we  have  the 

following  tabulation: 

TABLE  No.  9. 


Effective 
Head. 
Feet. 

v  =  c  y/BS. 

Pressure 
gauge. 
Pounds. 

Cl  = 

111.0 

Cj  = 

116.0 

Cj  =  130.2 

(«) 

Qd,  in  gal. 

(«) 

Qd^  in  gal. 

Qdj  in  gal. 

53 

40 
30 
20 
10 
3 

32.0 

63.1 

78.2 

101.3 

2  057 

2  700 

3  215 
3  695 

4  177  400 

5  481  900 

6  512  500 

7  502  000 

2  149 

2  821 

3  361 
3  828 

4  361  100 

5  727  500 

6  823  900 

7  772  100 

4  707  000 

6  276  000 

7  524  000 

8  5h0  000 

9  266  000 

As  intimated  in  my  paper  "On  the  Hydraulics,"  etc.,  I  believe  my 
measurements  of  flow  into  Eush  Reservoir  are  2  or  3  per  cent,  in  error, 
and  on  reviewing  all  the  circumstances  I  conclude  they  may  be  about 
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that  amount  too  small.  Mr.  Kuichling's,  I  am  equally  satisfied,  are  some- 
what too  large,  and  the  truth,  therefore,  lies  between  the  two. 

By  way  of  briefly  illustrating  the  matter  graphically  we  may  refer  to 
Plate  X.V,  where  the  discharge  curves  for  the  several  different  supposi' 
tions  are  shown,  the  curves  Aa  indicating  the  discharge  for  full  per- 
formance of  7  000  000  gallons  daily,  as  per  Mr.  Kuichling,  while  Ab  is 
for  6  700  000  gallons  per  day.  The  mid-line,  Ac,  which  probably  repre- 
sents the  real  discharge  within  a  small  limit  of  possible  error,  indicates 
for  full  performance  a  daily  delivery  of  8  200  000  gallons. 

It  is  further  clear  that  the  discharge  curves  of  Plate  XV,  furnish  a 
convenient  method  of  determining  the  true  value  of  the  quantities  tabu- 
lated in  Table  No.  7.  By  its  use  we  obtain  the  column  "Total  average 
daily  use  in  gallons,"  in  Table  No.  10.  It  will  be  noted  that  the  daily 
use  for  the  municipal  year,  1888  to  1889,  is  given  as  7  250  000  gallons. 
The  excess  quantity  is  due  to  (1)  draft  on  the  storage,  and  (2)  to  increased 
delivery  with  low  water  at  Bush  Beservoir. 

TABLE  No.  10. 


Hemlock  Lake  Water. 

Average 

daily  use  of 

Holley 

water  per 

head  of  pop- 

ulaiion,  in 

gaHous. 

Total  aver- 
age daily 
use  per 
head  of  pop- 

iilation 

from  both 

systems,    in 

gallons. 

Municipal  year. 
April  1  to  April  1. 

Total  aver- 
age daily 
use,  in 
gallons. 

Popula- 
tion. 

Average 
daily  use 
per  head  of 
the  popula- 
tion, in 
gallons. 

1876  to  1877 

2  500  000 

3  280  000 

3  675  000 

4  510  000 

5  040  000 

4  925  000 

5  260  000 

5  590  000 

6  160  000 

5  990  000 

6  660  000 

6  930  000 

7  250  000 

83  600* 

85  150 

86  700 
88  430 
90  930 
93  100 
95  650 
99  850 

104  200 
108  500 
113  900 
119  700 
126  500 

30.5 
38.9 
42.4 
51.0 
56.4 
53.0 
55.0 
56.0 
59.1 
.55.2 
58.6 
57.9 
57.3 

1877  to  1878 

1878  to  1879 

1879  to  1880 

1880  to  1881 

1881  to  1882 

1882  to  1883 

12.6 
12.8 
12.4 
11.2 
11.9 
12.2 
12.5 

67.6 

1883  to  1884 

68.6 

1884  to  1885 

71.5 

1885  to  1886 

66.4 

1886  to  18H7 

70.4 

1887  to  1888 

70.1 

1888  to  1889 

69.8 

*  Official  population  in  1875,  81  722  ;  in  1880,  89  366  ;  in  1890,  133  896.  No  additions  to 
territory. 

During  the  year  from  April  1st,  1888,  to  April  1st,  1889,  the  storage 
at  Bush  was  exhausted,  and  for  three  months,  from  about  the  middle  of 
July  to  about  the  middle  of  October,  Bush  Beservoir  was  either  en- 
tirely or  nearly  empty.  During  this  period  the  discharge  from  Hemlock 
Lake  to  Bush  Beservoir  was  that  due  to  a  head  of,  say,  143.8  -f-  16.0  = 
159.8  feet.  This  head  may  be  considered  as  giving,  under  the  known 
conditions,  a  discharge  of  about  7  000  000  gallons  per  day. 

At  no  time  that  year,  after  July,  was  there  more  than  8  feet  of  water 
at  Bush,  and  for  several  months  the  quantity  was  less  than  this. 
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The  following  table  is  of  interest  in  tlie  general  discussion  of  the 
subject  in  hand: 

Table  No.  11. — Showing  the  Approximate  Use  of  Water  by  Hours 
ON  Three  DrFFEREirt?  Days  in  1890.  As  Determined  by  Outflow 
from  Mount  Hope  Reservoir. 


Hour. 

Saturday,  July  5th,  1890 
(12-hour          measure- 
ment). 

Sunday,     Aiigust     10th, 
1890,  to  7  A.M.  of  Mon- 
day, August  11th   (24- 
hour  measurement). 

Monday,  August    25th, 
1890,  to  7  A.M.  of  Tues- 
day, August  26th  (24- 
hour  measurement). 

Hourly 

outflow  in 

gallons. 

Outflow  in 

six  hours  in 

gallons. 

Hourly 

outflow  in 

gallons. 

Outflow  in 

six  houis  in 

gallons. 

Hourly 

outflow  in 

gallons. 

Outflow  in 
six  hours 
in  gallons. 

7  A.M.  to    8  A.M. 

330  563 
374  220 
394  238 
366  163 
392  583 
330  497 
373  238 
363  562 
345  789 
345  877 
341  381 
326  262 

217  907 
260  911 
277  490 
285  393 
250  098 
258  079 
248  800 
239  670 
204  907 
161  936 
212  638 
204  707 
169  426 
J86  026 
151  926 
118  004 
151  505 
111  676 
67  222 
134  146 
150  757 
100  326 
217  105 
266  463 

302  041 
355  035 
889  125 
387  659 
333  590 
332  493 
348  811 
330  245 
277  078 
345  676 
292  693 
291  818 
205  479 
143  816 
170  626 
170  326 
102  063 
135  925 
135  685 
101643 
118  485 
135  204 
185  607 
286  080 

8        <<      9    " 

9        "    10    " 

10        "    11    " 

11           "      12  M.. 

"  '2  188  264  ' 

12  m.  "       1  P.M. 

IPM,"         2     " 

1  549  878 

2  180  943 

2        "      3    " 

3        "      i    « 

4        "      5    " 

5        "      6    " 

6  ..      7    .. 

7  "      8    '" 

2  096  109 

1  272  658 

1  886  321 

8        "      9    " 

9        "     10    " 

10        ••     11    " 

11        ••    12    " 

' ' '  *888  563  ' 

12  PM."        1  A.M. 
1  AM."        2     " 

928  23 

2        "      3    " 

3        <.      4    .< 

4        "      5    " 

5        "      6    " 

6        •«      7    <« 

936  019 

962  704 

Totals 

i  284  373 

4  284  373 

4  647  118 

4  647  118 

5  967  203 

5  967  20» 

From  Table  No.  11  we  derive — 

TABLE  No.  12. 


Time. 

July  5th 

(Saturday). 

Gallons. 

August  10th  and  11th 

(Sunday  and  Sunday 

Night).    Gallons. 

August  25th  and  26th 

(Monday  and    Monday 

Night).     Gallons. 

7  A.  M.  to  7  p.  M 

4  284  373 

2  822  536 
1  824  582 

4  076  264 

7  p.  M.  to  7  A.  M 

1  890  939 

Totals 

4  647  118 

5  96  7  203 

It  appears  from  the  foregoing  that  the  purely  domestic  use  of  water, 
including  leakage  in  services,  and  the  distribution  system,  as  indicated 
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by  the  Sunday  measurement,  was,  while  the  restrictive  measures  were 
«harply  in  force  last  year,  say,  4  650  000  gallons  a  day,  amounting  for  a 
population  of  134  000  to  34.7  gallons  per  head  per  day.  The  difference 
between  the  Sunday  and  Monday  measurement  further  indicates  that 
the  use  of  water  for  manufacturing  purposes  was,  with  some  allowannce 
for  increased  domestic  use  on  Monday,  perhaps  1  200  000  gallons  per 
day.  Mr.  Tubbs,  however,  claims  that  the  adoption  and  continuance  of 
the  restrictive  measures  has  led  to  a,  reduction  in  the  use  for  manufac- 
turing purjjoses  of  at  least  1  500  000  gallons  per  day. 

When  the  Kochester  Water-Works  were  first  constructed,  a  number 
of  large  consumers  were  supplied  at  a  rate  of  3^  cents  per  1  000  gallons, 
or  at  a  price,  when  the  fixed  charges  are  taken  into  account,  of  about 
one-third  the  actual  cost  per  1  000  gallons  to  the  city.  For  conservative 
figures  we  will  say  that  the  amount  of  water  sold  in  the  last  ten  years  is 

I  000  000  gallons  a  day  over  what  it  would  have  been  if  the  price  in  the 
beginning  had  been  made  cost  jdIus  a  small  profit.  1  000  000  gallons 
per  day,  at  3^  cents  per  1  000  gallons,  amounts  to  $12  775  per  year.     At 

II  cents  per  1  000  gallons,  which  is  a  trifle  more  than  the  actual  cost, ' 
the  yearly  sum  for  1  000  000  gallons  a  day  becomes  $40  150.  The  dif- 
ference of  the  two  is  (!^40  150  —  $12  775)  =  $27  375;  we  therefore  reach 
the  result  that  in  ten  years  the  City  of  Rochester  subsidized  a  few  large 
consumers  to  the  amount  of  8273  750.  A  couple  of  years  ago  the  Exe- 
cutive Board  placed  the  price  at  11  cents  per  1  000  gallons  for  quantities 
over  5  000  gallons  per  day,  and  a  few  establishments  accordingly  sought 
their  own  sources  of  supi^ly  as  a  measure  of  economy. 

In  regard  to  loss  of  revenue  the  following  are  the  official  figures:  The 
total  receipts  of  the  Rochester  Water  Works  during  the  year  1889  were 
^169  879.72;  during  1890  they  were  $211743.94;  while  in  1891  they 
were  $251  576.21. 

Mr.  Thomson  in  his  discussion  states  he  is  willing  to  go  on  the 
record  as  in  favor  of  limiting  the  supply  by  pinching  the  valves  care- 
fully down  "  at  some  lower  portion  of  the  hydraulic  gradient  beyond  the 
principal  distributing  area";  and  this  he  says  would  be  preferable  to  par- 
tially closing  the  gates  at  Mount  Hope  Reservoir.  If  he  will  read  care- 
fully what  I  have  written  on  this  point  in  the  second  paper,  and  further 
examine  the  map  (Plate  XIV),  he  will  see  that  the  thing  which  he 
states  as  preferable  is  jarecisely  the  thing  done,  and  I  am  greatly  obliged 
to  him  for  thus  strongly  emphasizing  the  utility  of  the  design.  His 
view,  that  the  necessary  restrictions  could  have  been  obtained  at  all,  in 
1890,  by  so  closing  the  supply  gates  at  Mount  Hope  as  to  allow  the 
feeding  mains  leading  therefrom  to  run  just  full,  is  probably  due  to  a 
lack  of  full  information  as  to  the  detail.  The  center  of  the  supply 
gates  is  18.5  feet  below  the  normal  water  surface  of  15  feet  above 
reservoir  bottom;  8  pounds  is  therefore  the  maximum  possible  reduc- 
tion at  this  point.     It  would,  however,  be  desirable  to  leave  a  little 
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pressure  on  the  city  side  of  the  supply  gates,  in  order  to  provide  for  the 
contingency  of  a  sudden  increase  of  draft.  Making  such  an  allowance 
and  taking  say  5  pounds  as  about  the  practicable  limit  of  reduction  of 
pressure,  by  closing  the  supply  gates  at  Mt.  Hope  Keservoir,  this  could 
only  be  attained  by  keeping  the  depth  of  water  in  the  reservoir  at  fully 
15  feet.  As  stated  in  the  paper,  the  general  lowering  of  pressure  actu- 
ally attained  was  from  10  to  20  pounds. 

As  to  the  originality  of  the  method  of  reduction  actually  applied, 
the  claim  is  that  the  combination  of  the  fire  alarm  gong,  telephone  and 
pressure  gauge  was  a  new  and  useful  application  of  modern  appli- 
ances to  the  specific  problem  in  hand. 

The  actual  results  obtained  in  increasing  the  storage  are  shown  by 


TABLE  No.  13. 


Mt 

Hope. 

EUSH. 

Total  Net 
Gain    at  both 
Eeservoirs 
=  (3)  +  (5), 
in  Gallons. 

Total  Net 
Gain  +  the 
Evapora- 
tion.divided 
by  60,     the 
number    of 
days, 
49  668  600 

Date. 

ft— 
p 

Corresponding 
Quantity  of  Water 
as  Derived  from 

Mr.  Nichols' 
Table,  in  Gallons. 

p.'" 

(S 

O 

Corresponding 

Quantity  of  Water 

as  Derived  from 

Mr.  Nichols' 

Table,  in  Gallons. 

60 
in  Gallons. 

Sept.  15  at  7  a.  m. 
July  17  at  7  a.  m. 

15.50 
10.82 

23  383  000 
15  372  800 

16.35 
6.95 

62  741  700 
24  733  300 

46  018  600 
3  650  000 

Gain 

4.68 

8  010  200 

9.39 

38  008  400 

Evapora 

tion  at  0.2  ii 
mean 

iches  per 
area,  = 

day  over  the 

Tota 

1  net  gain  + 

the  evap 

Dration,  = 

'   49  668  600 

827  810 

A  few  words  as  to  the  probable  causes  of  a  smaller  delivery  in  this 
conduit  than  theory  indicates. 

(1)  It  appears  that  the  spigot  end  of  the  36-inch  pipe  was  made  by  a 
small  fillet  of  half  round  iron.  This  has  been  found  in  practice  alto- 
gether too  light,  the  efiect  of  sharply  setting  up  the  lead  (as  I  have 
myself  seen)  being  to  kink  the  spigot  end,  with  the  result  that  the 
oakum  and  lead  project  into  the  interior  of  the  pipe.  The  whole 
number  of  joints  on  the  36-inch  pipe  is  about  1  000,  and  during  the 
thirteen  years  ending  December  31st,  1890,  a  total  of  557  leaks  have  been 
repaired. 

(2)  If  posts  have  been  inserted  to  resist  earth  pressure  on  the  wrought 
pipe,  their  presence,  in  connection  with  the  high  grades  on  the  same 
sections,  is  strong  evidence  of  a  number  of  deformations  where  the  pipes 
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are  covered  deeply  with  eartli,  and  sucli  deformations  would  tend  ta 
cause  increased  resistances. 

(3)  When  the  deficiency  in  delivery  was  first  definitely  determined, 
in  1890,  Mr.  Tubbs  was  strongly  of  the  oisinion  that  the  chief  cause  was 
floating  obstructions,  and  extended  inquiry  among  men  employed  upon 
the  original  construction  indicated  that  probably  some  ijieces  of  plank 
and  timber  had  been  left  inside  the  pipe.  If  this  view  of  the  matter  be 
entertained  it  may  explain  the  irregtilar  action  at  air  valves  55,  56  and 
57.  It  would  also  be  a  full  explanation  of  the  discordant  piezometer  ob- 
servations at  those  valves.  The  jDiezometer  measurements  seem  to  in- 
dicate that  floating  obstructions  are  not  the  chief  cause,  though  they  may 
contribute  to  the  difliculty.     , 

(4)  The  relation  of  the  hydraulic  gradients  in  the  two  sections  of 
wrought  iron  pipe  indicates  that  as  a  whole  the  same  cause  has  been 
operative  in  both  pipes.  From  the  theory  of  flow  in  conduits  we  derive 
that  under  nprmal  conditions,  with  the  same  discharge,  the  rate  of  hy- 
draulic gradient  in  a  24-iuch  pipe  should  be  about  7. 7  times  what  it  is  in 
a  36-inch  pipe.  An  application  of  this  principle  has  been  made  in  the 
discussion  of  Mr.  Gould,  and  it  is  unnecessary  to  elaborate  in  reference 
thereto  in  this  place.  The  rate  of  about  3.50  as  the  approximate  prob- 
able value  for  the  'il-inch  wrought  pipe,  divided  by  0.45,  the  mean  value 
for  the  36-inch  pipe,  gives  a  ratio  of  7.8,  which  by  itself  is,  as  Mr.  Gould 
has  pointed  out,  the  very  strongest  confirmation  of  the  correctness  of  my 
deductions  from  the  observations.  The  first  part  of  Mr.  Heriug's  dis- 
cussion also  embraces  the  same  view  from  a  slightly  different  standpoint. 
I  infer,  therefore,  that  the  original  roughness  of  the  interiors  of  the 
built  up  pipes,  together  with  a  probable  tuberculation  of  the  same,  ex- 
ercises a  very  material  influence  in  increasing  the  retardation,  and  is  one 
of  the  chief  causes. 

On  this  head  it  may  be  noted  that  wrought  iron  is  per  se  a  material 
more  liable,  in  the  absence  of  a  proper  protective  coating,  to  corrosive 
action  than  cast  iron. 

(5)  There  may  be  some  adhering  plant  and  animal  life,  though  this 
explanation  involves  serious  difficulties,  as  already  pointed  out.  In  any 
case,  I  venture  the  opinion  that  plant  and  animal  growths  are  not  the 
chief  cause  of  the  difficulty. 

(6)  There  may  be  some  undiscovered  leakage,  though  Messrs. 
Tubbs,  Kuichling  and  myself  all  agree,  I  believe,  that  at  the  present 
time  the  leakage  is  nearly  nil.  For  the  last  year  and  a  half  both  line 
foremen  have  carried  a  waterphone  and  an  iron  probe  on  their  daily  in- 
spections, using  them  wherever  any  indication  of  a  leak  could  be  found, 
and  it  appears  difiicult  to  assume  any  large  amount  of  undiscovered 
leakage.  Again,  the  soil  through  which  the  line  is  laid  is,  with  the  ex- 
ception of  the  first  mile  and  a  half  from  Hemlock  Lake,  mostly  clay, 
some  of  it  very  heavy,  and  it  may  be  considered  settled  that  leaks,  when 
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appearing  at  all,  except  on  the  mile  and  a  half  in  question,  which  i» 
quicksand  and  rock,  show  upon  the  surface.  The  piezometers  show, 
however,  that  the  first  mile  and  a  half  has  about  the  mean  grade  of  the 
whole  36-inch  section,  thus  effectually  negativing  the  theory  of  excessive 
loss  from  leakage  on  this  part. 

The  second  jiart  of  Mr.  Hering's  discussion  confirms  this  view. 
Thus  he  makes  a  slight  allowance  for  departure  from  theoretical  con- 
ditions, and  falls  6  per  cent,  short  of  the  original  determination  of 
9  292  800  gallons.  By  repeating  his  computation  with  a  value  of  n,  ap- 
propriate to  the  known  conditions  of  this  conduit,  he  will  obtain  about 
8  000  000  gallons  as  the  original  daily  flow. 

As  the  result  of  the  discussion  we  may  say : 

(1)  That  the  average  rate  of  hydraulic  gradient  in  the  36-inch  pipe 
is  in  reality  about  120  per  cent,  in  excess  of  that  for  clean  pipe,  instead 
of  50  per  cent.,  as  stated  in  the  first  j^aper. 

(2)  That  in  the  24-inch  wrought  iron  pipe  the  hydraulic  gradient  is 
from  120  to  135  ijer  cent,  in  excess  of  the  normal  with  the  observed  dis- 
charge. 

(3)  That  in  the  cast  iron  mains  of  the  Hemlock  Lake  conduit  the 
hydraulic  gradient  is  only  from  10  per  cent,  to  84  per  cent,  in  excess  of 
the  normal,  with  a  mean  value  of  the  excess  of  about  22  per  cent. 

(4)  From  all  the  foregoing  we  may  fairly  conclude  that  the  built  up 
conduits,  if  used  at  all,  must  be  constructed  with  the  greatest  care  and 
with  si^ecial  attention  to  strict  compliance  with  theoretical  conditions. 

(5)  Exioerience  in  the  Hemlock  Lake  conduit  of  the  Kochester  Water- 
Works  indicates  that  as  between  cast  iron  and  wrought  iron,  cast  iron  is 
on  the  whole  the  preferable  material  for  water  pipe  lines,  and  that  the 
legitimate  sphere  of  use  of  built  up  pipes  is  only  reached  when,  by  rea- 
son either  of  large  diameter  or  heavy  jaressure,  or  both,  ca-^t  iron  be- 
comes inapplicable. 

(6)  Mr.  Gould's  point  that  it  is  imwise  to  put  too  much  faith  in  hair 
splitting  formulas  is  well  taken,  and  we  may  go  a  step  further  and  say 
that  even  a  little  allowance  for  future  contingencies  may  be  projjerly 
made. 
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SOME   DISPUTED   POINTS  IN   RAILWAY  BRIDGE 

DESIGNING. 


By  J.  A.  L.  Waddell,  M.  Am.  Soc.  0.  E. 


WITH  DISCUSSION. 


The  object  of  this  paper  is  to  induce  those  members  of  the  American 
Society  of  Civil  Engineers  who  have  made  a  special  study  of  bridge 
superstructure  to  enter  into  an  exhaustive  discussion  of  a  number  of  im- 
portant points  in  bridge  designing  whereon  authorities  differ.  The  end 
to  be  attained  by  such  discussion  is  the  reconciliation  of  conflicting 
opinions,  the  simplification  of  bridge  specifications  and  the  consequent 
improvement  of  designs.  Such  an  object  cannot,  of  course,  be  attained 
at  once,  but  must  be  approached,  so  to  speak,  by  an  asymptotic  curve. 

That  there  is  decided  difference  of  opinion  among  experts  as  to  what 
constitutes  a  good  structure,  and  as  to  how  a  bridge  should  be  pro- 
portioned, no  one  who  has  had  much  to  do  with  bridge  work  will  be 
disposed  to  deny.  Some  years  ago  there  was  hardly  any  uniformity 
whatsoever  either  in  the  detailing,  or  in  the  types  and  general  out- 
lines of  bridges.     To-day,  however,  by  a  process  of  elimination  based 
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upon  the  principle  of  the  survival  of  the  fittest,  certain  types  of  bridges 
for  the  different  governing  conditions  have  almost  become  standard, 
and  the  details  of  construction  are  gradually  being  reduced  to  a 
system. 

For  instance,  in  railroad  bridges,  of  which  structures,  by  the  way,  this 
paper  will  treat  exclusively,  exjierience  has  shown  that  plate  girder  spans 
should  be  used  up  to  a  limit  of  90  or  100  feet,  and  that  single  intersection 
trusses  with  vertical  intermediate  and  inclined  end  ijosts  are  preferable 
to  other  tyjjes  of  trusses.  Nevertheless,  certain  well  known  engineers 
are  still  employing  the  Whipple  truss  with  its  double  system  of  can- 
cellation; and  pony-truss  pin-connected  bridges  are  still  being  built  for 
short  spans.  Again,  in  resjDect  to  detailing,  certain  antiquated  and  very 
objectionable  practices,  such  as  the  use  of  suspended  floor-beams  with 
adjustable  hangers,  are,  to  a  certain  extent,  still  in  vogue. 

All  this  is  sufficient  reason  for  the  opening  of  an  extended  discussion 
in  which  every  one  will  be  given  an  opportunity  to  put  himself  on  record 
either  in  defense  of  peculiar  personal  i^ractice  or  in  objection  to  the 
practice  of  others;  and  it  is  the  earnest  wish  of  the  writer  that  every 
prominent  bridge  specialist  will  take  advantage  of  the  opportunity 
offered,  and  thus  do  his  share  towards  the  attainment  of  a  more  satis- 
factory state  of  affairs  in  the  specialty  of  bridge  superstructure,  and 
towards  the  placing  of  said  specialty  upon  a  still  higher  plane  than 
that  which  it  occupies  to-day  in  the  United  States. 

In  order  to  systematize  the  contents  of  this  paper  it  will  be  advisable 
to  group  as  follows  the  disputed  points,  and  to  treat  each  group 
separately : 

A.  Live  Loads. 

B.  Wind  Pressure. 

C.  Styles  and  Proportions  of  Bridges. 

D.  InteDsities  of  Working  Stresses. 

E.  Combined  Stresses. 

F.  Plate  Girder  Proportioning. 

G.  General  Details  of  Construction. 

In  group  A  will  be  considered : 

First. — The  subject  of  Uniform  Loads  vs.  Engine  Concentrations, 
and  second,  The  proper  Live  Loads  for  Modern  Bridge  Specifications. 

Several  years  ago  two  or  three  American  engineers  evolved  independ- 
ently the  theory  of  engine  concentrations  for  the  finding  of  stresses  in. 
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bridge  members.  No  doubt  these  gentlemen  at  that  time  considered, 
aud  perhaps  even  yet  think,  that  they  were  conferring  a  great  boon  upon 
the  engineering  profession;  but  instead  of  this  they  were  really  hamper- 
iag  it  with  a  burden  grievous  to  be  borne.  That  such  is  the  case  every 
l^rofessional  bridge  computer,  whose  business  it  is  day  after  day,  month 
after  month,  and  year  after  year,  to  calculate  the  stresses  in  bridge 
trusses,  will  readily  and  sadly  acknowledge.  The  jilea  that  this  method 
is  more  accurate  than  the  old  one  involving  uniform  loads  either  with  or 
without  engine  excesses  at  panel  points,  and  that  the  calculations  of 
stresses  made  thereby  are  just  as  simple  and  easy,  is  a  fallacy.  Of 
course  for  any  particular  engine  and  train,  the  former  method  will  give 
slightly  more  accurate  results  than  will  the  latt»'.  But  there  are  never 
two  trains  alike  in  respect  to  amount  and  distribution  of  load,  for  the 
engines  on  any  railroad  vary  greatly|in  weight  and  wheel  distribution; 
and  the  weights  on  the  cars  are  extremely  irregular.  It  must  be 
acknowledged,  therefore,  that  all  assumed  loads  for  computing  stresses 
in  bridges  are  merely  typical;  consequently  when  assuming  a  typical 
load,  would  it  not  be  well  to  adopt  one  that  will  reduce  the  labor  of  the 
computer  to  a  minimiim,  provided,  of  course,  that  it  will  give  just  as 
correct  resiilts  as  would  one  consisting  of  engine^concentrations  folio  wed 
by  a  uniform  car  load  ? 

That  such  is  i^racticable  the  writer  will  show  presently. 

Now  as  to  simplicity  and  ease  of  calculation :  Even  in  the  most  favor- 
able case,  viz.,  that  where  the  chords  are  parallel,  the  panels  of  equal 
length,  the  structure  square,  and  the  span  comjaaratively  short,  it  will 
take  fully  twice  as  much  time  to  compute  the  stresses  by  concentrations 
as  it  will  to  find  them  by  the  old  method.  But  when  the  span  is  long, 
the  top  chord  broken,  the  panel  lengths  unequal  or  the  structure  on  a 
skew,  the  amount  of  labor  involved  by  the  concentration  method  is  simjjly 
discouraging.  How  many  engineers  are  there  who  make  or  have  made 
a  practice  of  computing  the  exact  stresses  in  "Whipple  trusses  by  engine 
concentrations  ? 

Not  content  with  burdening  computers  to  the  extent  of  at  least  doub- 
ling their  labor  by  enforced  calculations  involving'engine  concentrations, 
certain  writers  of  bridge  specifications  have  "added  insult  to  injury  " 
by  specifying  that  each  structure  must  be  designed  throughout  for  two 
and  even  three  fundamentally  different  live  loads,  each  involving  a 
peculiar  type  of  engine. 
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Let  us  for  an  instant  consider  the  designing  in  competition  of  either 
a  draw-span  or  a  cantilever  bridge  according  to  one  of  these  modern 
specifications  and  see  what  work  there  is  involved.  To  begin  with, 
there  will  be,  say,  six  competing  bridge  companies,  each  employing 
for  this  work,  on  an  average,  two  computers.  Now,  although  these 
gentlemen  may  be  firmly  convinced  that  the  requirements  of  the 
specifications  in  respect  to  live  load  are  mere  humbug  and  nonsense, 
and  that  they  could  obtain  practically  correct  results  with  one-tenth 
of  the  amount  of  figuring  by  assuming  equivalent  uniformly  distributed 
loads,  still  they  dare  not  shorten  their  work  in  this  way  for  fear  that 
some  captious  critic  in  checking  their  papers  might  find  a  variation  in 
the  stresses  of  1  or  2  per  cent.  ;  consequently  all  twelve  of  them  set  to 
with  more  or  less  ill  grace,  to  calculate  the  exact  maximum  and  some- 
times also  the  exact  minimum  stress  for  each  member  of  the  bridge. 
Now,  it  was  discovered  not  long  ago,  that  when  the  toji  chord  is  incUned 
to  the  hoi'izontal,  the  maximum  stresses  do  not  occur  with  the  same 
position  of  wheel  loads  as  they  would  wei'e  the  toj)  chord  horizontal. 
Hence  it  was  sometimes  necessary  to  make  for  each  truss  member  three 
or  four  trials,  each  involving  considerable  figuring,  lefore  ascertaining 
the  exact  position  of  wheel  load  that  would  give  absolutely  the  greatest 
stress. 

Since  then,  however,  the  true  theory  of  maximum  stresses  for  engine 
concentrations  in  cases  of  inclined  toj)  chords  has  been  worked  up  by 
one  of  our  clever  mathematicians,  consequently  it  will  no  longer  be 
necessary  to  use  the  "cut  and  try  "  method;  biit  merely  to  employ  the 
following  simple  little  equation: 


Shears   [ j^  _  ^4  (^  +  ^^i>)  j 


after  having  found,  by  trial,  which  wheel  load  should  be  over  the  panel 
point  under  consideration,  by  means  of  another  pretty  little  equation, 
viz. : 

Pn  +  't'^Vn    =  p    d+np 
N        >     '  ~T~ 

It  must  be  borne  in  mind,  too,  that  d  has  to  be  either  calculated 
or  scaled  for  each  panel  point,  and  that  M,.  will  have  to  be  computed 
every  time  that  it  is  used,  unless — which  is  highly  improbable — a  wheel 
load  will  come  directly  over  the  end  of  the  span. 

After  having  worked  out  all  the  maximum  stresses  bs-  this  method. 
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our  twelve  computers  have  accomplished  only  one-third  of  their  task; 
for  they  must  twice  more  attack  the  same  problem  but  with  different 
wheel  concentrations. 

After  finding  all  of  the  live  load  stresses  in  the  manner  called 
for  by  the  specifications,  the  remainder  of  the  computations  for 
the  six  designs  will  be  of  a  comparatively  simple  character;  so  let 
us  suppose  that  all  the  papers  of  the  six  competing  companies 
have  been  handed  in.  One  company  only  can  secure  the  contract;  con- 
sequently the  work  of  at  least  ten  men  has  been  entirely  wasted;  and  in 
fact  there  is  often  a  strong  i^robability  of  the  work  of  all  twelve  being 
useless  or  at  least  unrewarded;  for  some  other  bridge  company  may  have 
"  an  inside  track  "  and  build  the  bridge  upon  the  set  of  jDapers  which 
appears  to  be  most  satisfactory  to  the  parties  purchasing;  or  said  parties 
may  conclude  that  the  proposed  bridge  is  too  expensive,  and  that  they 
will  build  either  a  combination  or  a  wooden  structure.  How  much 
better  off  all  six  companies  would  have  been,  had  the  calculations  been 
made  for  an  equivalent  uniformly  distributed  live  load,  either  with  or 
without  engine  excesses,  by  the  quick  and  elegant  graphic  method  ! 

If  one  considers  that  the  jjroper  intensities  of  working  stresses  are  to 
a  great  extent  a  matter  of  opinion,  and  that  engineers  often  differ  thereon 
as  much  as  20  per  cent. ,  he  ought  to  be  very  quickly  convinced  that  an 
endeavor  to  obtain  stresses  with  extreme  accuracy  is  nothing  more  nor 
less  than  hair  splitting.  But  the  best  possible  argument  that  any  one 
can  advance  against  the  use  of  engine  diagrams  in  computing  bridge 
stresses  is  a  simple  reference  to  Professor  Eddy's  elaborate  paper  entitled 
"A  New  Graphical  Solution  of  the  Problem:  What  Position  a  Train  of 
Concentrated  Loads  must  have  in  order  to  cause  the  Greatest  Stresses  in 
any  given  part  of  a  Bridge  Truss  or  Girder,"  published  in  the  Transactions 
of  the  American  Society  of  Civil  Engineers  for  May,  1890.  Ye  gods  ! 
what  a  mass  of  complicated  mathematical  formulas  that  paper  con- 
tains, and  all  to  settle  such  a  trivial  little  point  !  It  needed  not  such 
aa  elaborate  investigation  as  this  to  attest  to  Professor  Eddy's  great 
mathematical  ability,  consequently  it  seems  a  pity  to  have  wasted  so 
much  valuable  time.  However,  it  may  not  prove  to  be  time  wasted 
after  all;  for  Professor  Eddy's  paper  may  be  the  means  of  proving  to 
the  profession  that  in  computing  stresses  by  engine  diagrams  and  pro- 
portioning parts  by  assumed  intensities  which  do  not  provide  adequately 
for  the  effect  of  impact,  they  have  been  "  straining  at  a  gnat  and  swal- 
lowing a  camel." 
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In  orSer  to  demonstrate  the  writer's  assertion  that  practically  exact 
stresses  can  be  found  by  the  assumption  of  equivalent  uniformly  distrib- 
tited  loads,  let  us  take  as  a  standard  for  comparison  Mr.  Theodore 
Cooper's  engine  diagram  denominated  "Class  A,"  viz. : 


as  it  is  undoubtedly  the  diagram  that  has  been  most  widely  used  since 
calculations  by  means  of  such  diagrams  came  into  vogue.  By  its  use 
have  been  figured  the  bending  moments  and  shears  in  the  following 
tables. 

Those  for  stringers  and  plate  girders  have  been  comiDuted  for  span 
lengths  varying  by  2^  feet  up  to  a  length  of  25  feet,  by  5  feet  between  the 
limits  of  25  and  60  feet,  and  by  10  feet  between  60  and  100  feet.  In  the 
case  of  truss  spans,  the  smallest  length  has  been  taken  equal  to  100  feet, 
and  the  greatest  equal  to  300  feet,  the  intermediate  spans  varying  in  length 
by  50  feet;  all  of  which  is  merely  for  convenience.  For  the  same  reason 
a  single  panel  length  (25  feet)  has  been  adoj)ted  for  all  cases,  and  the 
chords  have  been  assumed  to  be  parallel  and  the  trusses  to  be  of  the 
simjile  Pratt  tyi^e.  Although  these  conditions  would  not  all  be  realized 
in  modern  practice,  still  the  assumjitions  cannot  in  any  way  vitiate  the 
results  of  the  investigation. 

It  will  be  observed  that  there  are  but  two  cases  of  loading  to  be  used 
in  the  proposed  simple  method  of  making  computations,  viz.,  equivalent 
uniformly  distributed  loads  for  the  chords  and  webs  of  all  girders  and- 
trusses,  and  an  additional  load  for  testing  the  shearing  resistance  of  the 
webs  of  plate  girders  at  the  ends  of  the  spans.  In  reality  the  last  load 
will  be  found  to  be  needed  only  in  cases  of  very  shallow  girders,  conse- 
quently we  may  say  that  the  proposed  method  for  all  cases  of  ordinary 
practice  reduces  to  the  use  of  equivalent  uniformly  distributed  live  loads. 
That  these  equivalent  loads  can  be  used  in  finding  the  reactions  or 
concentrations  over  floor-beams,  the  writer  has  just  ascertained  while 
preparing  a  summary  of  the  results  of  the  calculations  that  were  made  in 
compiling  the  tables  in  this  paper. 

The  rule  for  finding  a  floor  beam  concentration  is  to  multiply  the 
equivalent  uniformly  distributed  live  load  per  lineal  foot  for  a  span  of 
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two  jDanel  lengths  by  the  length  of  one  jjanel.  If  said  equivalent  load 
were  determined  for  the  mid  span  bending  moment,  the  result  will  be 
mathematically  correct  ;  but  if  it  were  determined  for  the  absolutely 
greatest  bending  moment  at  any  part  of  the  span,  the  result  will  give  a 
very  small  error  on  the  side  of  safety. 

That  the  principle  involved  was  unknown  to  the  engineering  profes- 
sion only  two  years  since,  is  evident  from  a  perusal  of  Mr.  Theodore 
Cooper's  paper  on  "American  Eailroad  Bridges,"  published  in  the  July, 
1889,  number  of  the  Transactions  of  the  American  Society  of  Civil  Engi- 
neers; for  on  page  27,  he  says:  "  To  represent  the  action  of  a  train  load 
properly  by  this  method,  we  should  need  four  different  series  of  ecjuiva- 
lent  loads,  all  varying  for  each  span. 

"The  apparent  simplicity,  therefore,  of  using  equivalent  uniform 
loads  for  i^roportioning  our  structures  is  a  fallacious  one ;  when 
applied  to  partial  loads  it  becomes  far  more  confusing  and  untrust- 
worthy. 

"The  old  method  of  computing  strains  by  use  of  laanel  loads  and 
equivalent  uniform  loads  (and  too  often  using  only  the  one  derived 
from  the  moments),  has  gradually  given  way  to  a  system  much  simpler, 
more  accurate,  and  also  as  easy  of  application. " 

Again,  referring  to  the  table  at  the  top  of  page  26  of  the  same  paper, 
•drawing  lines  from  the  loads  in  the  "  Double  Shear  "  column  to  the  loads 
for  twice  their  span  lengths  in  the  "  Moment "  column,  and  allowing  for 
slight  inaccuracies  of  calciilation,  or  for  the  fact  that  the  absolute 
maximum  moments  rather  than  moments  at  mid  span  were  adojjted  in 
comijuting,  what  do  we  find?  Not  a  confirmation  of  the  mathematical 
theory  herein  given,  for  mithematical  work  needs  no  confirmation;  but 
a  sure  proof  that  not  one  of  us  at  that  time  knew  the  existence  of  the 
principle  that  will  be  demonstrated  presently. 

Eeferring  to  the  quotation  from  Mr.  Cooper's  paper,  it  can  be  con- 
cluded that  that  gentleman  is  not  only  strongly  in  favor  of  the  continued 
use  of  engine  diagrams,  but  also  that  he  is  just  as  strongly  opi^osed  to 
the  use  of  equivalent  uniform  loads.  Consequently  it  is  fair  to  presume 
that,  after  reading  what  precedes  and  follows  this,  he  will  give  the  matter 
a  thorough  discussion. 

The  following  is  a  mathematical  proof  of  the  rule  previously  stated, 
and  it  is  so  simple  that  the  writer  is  amazed  that  the  princiiale  was  not 
discovered  long  ago: 

Let  P  be  any  load,  L  the  double  panel  length,  x  the  distance  from 
the  nearer  end  of  the  span  to  the  point  of  application  of  P,  R  the  reac- 
tion or  concentration  over  floor  beam,  and  w  the  equivalent  uniformly 
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distributed  load  per  lineal  foot  of  span  that  Tvill  produce  at  the  middle 
of  the  span  the  same  bending  moment  as  that  due  to  P. 


\        a 


t 


K-^ 


2  Pa 


.Eq.  1. 


Fig.  1. 

In  Fig.  1  we  have  P  = 

Px 

In  Fig.  2  we  have  the  moment  at  mid  span  M  =  -^ 

Equating  this  to  the  moment  at   the    same   point   caused   by   the 
equivalent  uniformly  distributed  load,  we  have 

4Pa; 


Px  1         ,2 


l- 


Now,  multiplying  xo  by  the  panel  length,  we  have 
_l_    4  Pa;      2Px 
T 

1 


-,d. 


.Eq.  2. 


/2        -         /        •• 

Comparing  equations  1  and  2,  we  have  i2  =    i   wl. 

A 

Now,  as  this  is  true  for  any  single  load,  it  therefore  holds  good  for 
any  summation  of  loads,  consequently  the  statement  is  proved. 

To  the  writer's  assistants,  Mr.  A.  C.  Stites,  Assoc.  Mem.  Am.  Soc.  C.E., 
and  Mr.  Lee  Treadwell,  Jun.  Am.  Soc.  C.  E. ,  is  due  the  credit  for  making 
the  numerical  calculations  before  referred  to,  and  upon  which  the  treat- 
ment of  this  whole  subject  of  equivalent  loads  vs.  engine  concentrations 
is  based.  These  gentlemen  figured  independently,  being  some  300  miles 
apart,  then  compared  results;  consequently  said  results  can  be  accepted 
as  reliable. 

Equivalent  Uniformly  Distributed  Live  Loads  for  Plate  Girder 
Spans,  computed  for  Greatest  Bending  Moment  at  any  Point 
OF  Span. 


Span. 

Equivalent  Uniform  Load. 

Span. 

Equivalent  Uniform  Load. 

15  feet. 

5  760  pounds. 

■    45  feet. 

3  995  pounds. 

17.V  " 

5  407 

50     " 

3  860       " 

20     " 

5  040       " 

55     " 

3  726       " 

22^^  " 

4  993 

60     «' 

3  652       " 

25     " 

4  804 

70     " 

3  490       " 

30     " 

4  573       " 

80     " 

3  379       " 

35     " 

4  327 

90     " 

3  310      " 

40     '• 

4  164       " 

100     " 

3  226       " 

I 
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It  is  not  necessary  to  jjiove  here  that  such  a  table  as  the  foregoing  can 
be  used  legitimately  in  designing  plate  girder  spans;  for  the  reason  that 
for  five  years  past  bridge  computers  have  been  using  Thacher's  tables  of 
equivalent  uniformly  distributed  live  loads  in  plate  girder  designing, 
evea  if  they  have  not  been  able  to  use  them  in  computing  stresses  in 
trasses. 

It  may  be  possible  that  if  the  parabola  of  moments  due  to  the  equiv- 
alent uniform  load,  and  a  number  of  moments  from  concentrations  at 
intermediate  points,  were  platted  on  the  same  sheet,  some  of  the  latter 
would  pass  a  trifle  outside  of  the  curve;  but  if  so,  this  would  cut  no 
figure,  because  the  maximum  bending  moment  is  in  most  cases  the 
quantity  sought  for  in  proportioning  such  structures;  and  in  determin- 
ing lengths  for  cover  plates,  a  good  designer  will  always  add  2  or  3  feet 
to  the  length  required  by  theory.  The  moment  parabola  referred  to 
afi'ords  a  very  expeditious  method  of  ascertaining  the  proper  lengths  of 
cover  plates. 

If  we  plot  on  cross-section  paper  the  loads  given  in  the  table,  and 
draw,  as  nearly  as  is  practicable,  through  the  points  indicating  the  loads,  a 
shapely  curve,  we  will  find  that  one  or  two  of  the  points  will  not  lie  there- 
in. This  is  due  to  some  peculiar  relation  between  the  wheel  spacing  and 
the  span  length,  and  would  not  occur  for  the  same  s^jan  with  the  slightly 
different  wheel  spacing  of  some  other  similar  locomotive;  consequently 
it  would  be  proper,  in  preparing  tables  of  equivalent  uniformly  distri- 
buted loads  for  actual  use,  to  ignore  such  variations  from  uniformity 
and  fill  out  the  table  from  the  ordinates  to  the  curve. 

A  strong  point  that  can  be  raised  in  favor  of  using  equivalent  uni- 
formly distributed  loads  for  finding  bending  moments  in  plate  girder 
spans  is  that  the  ordinary  engine  diagram  cannot  be  employed,  for  the 
reason  that  the  greatest  bending  will  nearly  always  occur  when  some  of 
the  wheels  at  the  head  of  the  train  have  passed  off  the  sj^an.  In  con- 
sequence oue  would  either  need  to  have  at  hand  a  moment  diagram  with 
each  wheel  leading  in  turn  for  each  standard  loading,  or  would  have  to 
discard  all  diagrams  and  make  a  special  investigation  of  moments  for 
each  case  as  it  arises,  determining  each  time  by  experience  or  by  trial 
which  of  several  wheels  placed  at  mid  span  will  give  the  greatest 
moment.  It  is  the  latter  method  that  the  writer  has  used  for  years 
when  forced  into  figuring  by  the  concentration  method  because  of  com- 
petition. ^-^ 


^ 
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As  we  have  been  dealing  thus  far  with  plate  girder  spans  exclusively, 
we  will  now  treat  of  the  end  shears  on  these  before  passing  to  trusses . 
Investigation  shows  that  the  amount  to  be  added  to  the  half  of  the  total 
uniform  load  on  any  sjjau  in  order  to  equal  approximately  the  end 
shear  is  given  by  tlie  equation — 

W=A  -f-  BL 
where  W  is  the  additional  load,  L  the  span  length,  and  A  and  B  are 
constants  that  will  differ  for  different  engine  and  car  loads. 

For  the  engines  used  in  these  calculations  ^  =  8  000  and  B  =  100. 

In  the  following  table  are  given  the  results  of  the  calculations: 


Span  =  S. 

Uniform 
Load 
—  W. 

Hall  Load 
WS 

~     2 

Additional 
Load  by 
Formula. 

Summa- 
tion. 

Calculated 
End  Shear. 

Percentage 

of 
Variation. 

15-foot . . . 

5  760 

43  200 

9  500 

52  700 

50  880 

3.5  Safety. 

17^"  ... 

5  407 

47  311 

9  750 

57  061 

57  325 

0.5  Danger. 

20      •'  ... 

5  040 

50  400 

10  000 

60  400 

62  100 

2.8  Danger. 

22^"  ... 

4  993 

56  177 

10  250 

60  427 

65  920 

0.8  Safety. 

25      "  ... 

4  804 

60  050 

10  500 

70  550 

70  248 

0.4  Safety. 

30      "  ... 

4  573 

68  595 

11  000 

79  595 

77  427 

2.8  Safety. 

35      "  ... 

4  327 

75  723 

11500 

87  223 

85  402 

2.1  Safety. 

40      ••  ... 

4  164 

83  280 

12  000 

95  280 

93  129 

2.3  Safety. 

45      "  ... 

3  995 

89  887 

12  500 

102  387 

100  114 

2.3  Safety. 

60      "  ... 

3  860 

96  500 

13  000 

109  500 

106  843 

2.5  Safety. 

55      "  ... 

3  726 

102  465 

13  500 

115  965 

113  295 

2.4  Safety. 

60      "  ... 

3  654 

109  620 

14  000 

123  620 

119  930 

3.1  Safety. 

70      "  ... 

3  490 

122  150 

15  000 

137  150 

136  310 

0.6  Safety. 

80      ••  ... 

3  379 

135  160 

16  000 

151  160 

153  307 

1.4  Danger. 

90      "   ... 

3  310 

148  950 

17  000 

165  950 

169  685 

2.2  Danger. 

100      "   ... 

3  226 

161  300 

18  0U0 

179  300 

185  622 

3.4  Danger. 

By  consulting  the  last  column  it  will  be  seen  that  the  formula 
assumed  will  give  in  most  cases  a  small  error  on  the  side  of  safety.  It 
is  really  only  in  the  spans  exceeding  70  feet  that  the  error  is  on  the 
danger  side;  for  the  value  of  TFin  the  20-foot  span  would  in  practice 
be  increased  by  the  adoption  of  a  uniform  curve  of  loads,  as  before 
mentioned. 

Moreover  the  end  shear  on  plate  girder  spans  is  b}-  no  means  an 
important  factor  in  designing,  for  two  reasons,  viz. : 

Fh-st. — Tliere  is  nearly  always  an  excess  of  section  in  the  web  of  a 
well  proportioned  jilate  girder,  and 

Second. — The  intensity  of  shearing  stress  is  always  takeu  very  low, 
being  4  000  pounds  for  iron  and  5  000  pounds  for  steel. 

The  main  object  in  inserting  the  last  table  is  to  show  that  it  is  prac- 
ticable to  establish,  for  any  system  of  live  lo^s,  a  simple  formula  for 
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•determining  readily  within  a  small  limit  of  error  the  end  shears  on  plate 
girder  spans. 

Passing  now  to  truss  spans,  the  following  table  gives  the  equivalent 
uniformly  distributed  load  at  each  panel  point  of  each  span  considered, 
which  will  produce  the  same  bending  moment  as  will  the  loads  for  the 
eugine  diagram.  The  averages  are  for  the  loads  at  all  the  panel  points 
of  a  span,  and  not  the  direct  averages  of  those  given  in  the  table. 


Panel  Point. 

100-foot 
Span. 

150-foot 
Span. 

200-foot 
Span. 

250-foot 
Span. 

300-foot 
Span. 

No    1  

3  383 
3  157 

3  283 
3  145 
3  207 

3  220 
3  120 
3  137 
3  106 

3179 
3  098 
3  116 
3  084 
3  056 

3151 

"     2 

3  0fe3 

"     3 

3  094 

"     4 

3  068 

"     5     

3  047 

'•     6 

3  043 

3  308 

3  215 

3  151 

3112 

3  085 

Greatest  Safety  Error  by 
using  the  Average 

4.77% 

2.23i!s' 

1.45^ 

1.83  V 

1.38^ 

Greatest  Danger  Error  by 
using  the  Average 

^.21X 

2.07;^- 

2.14%- 

2.10^ 

2.09%' 

It  will  be  observed  that  the  greatest  error  on  the  side  of  danger  in 
any  sj^an  is  very  little  over  2  per  cent.,  and  that  with  the  exception  of 
the  100-foot  span  the  greatest  error  on  the  side  of  safety  is  a  little  less 
than  2  per  cent.  The  fact  that  the  uniform  load  gives  in  general  a 
small  error  on  the  side  of  safety  for  the  chord  members,  except  at  the 
ends  of  span,  is  a  good  feature  ;  because  by  placing  cars  ahead  of  the 
locomotives,  greater  chord  stresses  can  often  be  found  than  those 
obtained  by  the  use  of  the  ordinary  engine  diagram. 

As  for  the  2  per  cent,  error  on  the  side  of  danger  at  the  ends  of 
«pan,  it  will  cut  but  little  figure  even  if  it  really  aflfect  the  sections, 
which  it  generally  will  not,  because  in  single  track  bridges  the  two 
panels  of  bottom  chord  at  each  end  of  span,  being  stiffened  for  wind 
pressure,  have  always  a  slight  excess  of  metal;  and  the  inclined  end 
posts,  being  proportioned  for  bending,  have  a  great  excess  of  metal,  as 
far  as  the  direct  stress  is  concerned. 

Adopting  for  the  web  members  the  same  uniform  load  as  the  average 
determined  in  the  last  table  for  the  chords,   and  computing  the  web 
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stresses  therefrom,  also  those  for  the  same  members,  by  means  of  the 
engine  diagram  we  will  obtain  the  results  given  in  the  following  table: 


Span. 

Member. 

Shear  in  Pounds. 

Percentage 

By  Diagram. 

By  Uniform  Load. 

of  Error. 

e 

End  Post 

126  881 
59  429 
17  247 

124  050 
62  025 
20  675 

2.23  Danger. 
4.40  Safety. 
19.9    Safety. 

100-foot  ..  1 

First  JI.  Diagonal 

First  Counter 

r 

End  Post 

205  285 

134  585 

78142 

36  576 

200  745 
133  830 
80  298 
40  149 

2.21  Danger. 
0.56  Danger. 

2.76  Safety. 

9.77  Safety. 

150-foot  . .  ■ 

First  M.  Diagonal 

Second  11.  Diagonal. . . 
First  Counter 

End  Post 

281  874 

209  992 

148  784 

97  484 

55  768 

26  220 

275  716 

206  787 

147  705 

98  470 

59  082 

29  541 

2.18  Danger. 
1.53  Danger. 
0.72  Danger. 
1.01  Safety. 
5 .94  Safety. 
12.66  Safety. 

200-foot... - 

First  M.  Diagonal 

Second  M.  Diagonal. . . 

Third  M.  Diagonal 

First  Counter 

Second  Counter 

r 

End  Post 

357  668 
285  278 
220  844 
164  804 
116  264 
75  887 
43  645 

349  875 
279  900 
217  700 
163  275 
116  625 
77  750 
46  650 

2.18  Danger. 
1.88  Danger. 
1.42  Danger. 
0.93  Danger. 
0.31  Safety. 
2.45  Safety. 
6.85  Safety. 

250-foot... -{ 

First  M.  Diagonal 

Second  M.  Diagonal.. . 

Third  M.  Diagonal 

Fourth  M.  Diagonal... 

I 

Second  Counter 

f 

End  Post 

433  260 
360  438 
293  893 
234  684 
181  734 
135  034 
95  206 
62  431 

424  182 
353  485 
289  215 
231  372 
179  956 
134  967 
96  405 
64  270 

2.10  Danger. 
1.93  Danger. 
1.59  Danger. 
1.41  Danger. 
0.97  Danger. 
0.05  Danger. 
1.26  Safety. 
2.95  Safety. 

300-foot... - 
1 

First  M,  Diagonal 

Second  M.  Diagonal... 
Third  M.  Diagonal.. . . 
Fourth  M.  Diagonal.. . 
Fifth  M.  Diagonal 

[ 

Second  Counter 

The  results  of  this  investigation  cannot  be  considered  anything  but- 
satisfactory;  for  the  "  Danger  "  percentages  of  error  are  all  small  (never 
exceeding  2^  per  cant.)  and  aifect  the  heavier  members,  while  the 
"Safety  "  percentages  of  error  affect  iirincipally  the  counters.  Setting 
aside  the  consideration  of  the  inclined  end  posts  for  the  reason  mentioned 
previously,  we  find  that  the  uniform  load  stresses  for  main  diagonals 
give  a  very  close  coincidence  indeed,  the  variation  being  hardly  worth 
mentioning.  As  for  the  counter  stresses,  an  error  on  the  side  of  safety 
is  a  very  good  thing,  because  of  both  impact  and  oftentimes  adjustment. 
Moreover,  the  method  of  proportioning  counters  is  very  variable,  some 
computers  deducting  the  dead  load  stress  of  the  panel,  and  others  not 
deducting  it;  while  every  conscientious  designer  always  adds  something. 
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to  the  section  required  for  small  counters  in  order  to  provide  for  uncer- 
tainties. 

In  concluding  this  subject  of  Concentrated  vs.  Uniform  Loads,  the 
writer  wishes  to  urge  each  engineer  who  discusses  this  paper  to 
give  his  opinion  concerning  the  advisability  of  continuing  to  use  the 
present  laborious  method  of  computing  stresses  in  railway  bridges,  or 
of  abandoning  it  and  adopting  instead  tables  of  equivalent  uniformly 
distributed  loads  for  certain  standard,  locomotive  and  car  loads,  to  be 
adopted  by  the  profession,  similar  to  those  hereinafter  indicated.  It  is 
only  by  an  array  of  oi^inion  of  authorities,  that  railroad  engineers  can  be 
induced  to  depart  from  established  custom  to  such  an  exent  as  to  specify 
uniform  loads  when  calling  for  bids  on  their  proposed  bridges;  and  it  is, 
undoubtedly,  these  gentlemen  who  keeiJ  up  the  fashion  in  bridge  speci- 
fications after  that  fashion  has  once  been  set  by  specialists. 

Taking  up  now  the  second  division  of  "  Group  A,"  viz.,  "  The  Proper 
Live  Loads  for  Modern  Bridge  Specifications,"  the  writer  would  suggest 
the  following  (see  Plate  XVI) : 

Class  Z  of  this  series  corresponds  practically  to  Cooper's  "Class  A," 
and  the  Class  U  to  Lis  "Lehigh  Heavy  Grade  Engines."  It  will  be 
observed,  however,  that  there  are  but  two  wheel  spacings  employed,  and 
that  these  are  in  even  feet.  This  is  merely  for  the  sake  of  simplifying 
calculations;  and  any  one  who  has  for  years  struggled  with  Cooper's 
spacing  of  feet  and  odd  inches  when  reduced  to  decimals  of  a  foot,  will 
agree  with  the  writer  that  the  change  is  an  imj^rovement. 

If  the  general  sentiment  of  the  profession  prove  to  be  in  favor  of  the 
preceding  standard  loads,  the  writer  will  see  that  all  of  the  necessary 
"equivalents"  in  accordance  with  his  proposed  system  shall  be  calcu- 
lated, tabulated  and  presented  to  the  American  Society  of  Civil  Engineers 
within  a  reasonable  time.  The  regularity  of  increase  of  loads  for  the 
various  proposed  classes  can  be  seen  by  inspection,  so  if  in  the  future 
heavier  loads  than  the  "  Lehigh  Heavy  Grade  Engine,"  with  its  car  load 
of  4  000  pounds  per  foot  be  employed,  it  will  be  a  simple  matter  to  extend 
the  series. 

Cooper's  specifications  provide  alternative  engine  loads  consisting  of 
100  000  pounds  equally  distributed  on  two  pairs  of  drivers,  7  feet  center 
to  center,  for  his  heaviest  load,  and  reduced  proportionately  for  his 
lighter  loads.     As  these  must  be  supposed  to  act  without  any  other  live 
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load,  it  is  evident  that  they  can  affect  only  certain  bridge  members  for 
very  short  panels.  But  as  the  tendency  of  modern  bridge  designing  is 
towards  the  use  of  longer  and  longer  panels,  it  is  evident  that  these  alter- 
native loads  are  unnecessary,  unless  it  be  for  the  wooden  ties,  in  the 
proportioning  of  which  judgment  rather  than  figuring,  ought  to  govern. 
If  we  were  to  compare  the  moments  found  by  Mr.  Coojier's  alternative 
live  load  for  Class  A  with  those  obtained  from  our  previously  found 
equivalent  uniformly  distributed  loads  after  their  adjustment  by  the- 
curve,  we  would  see  that  there  is  only  one  case  where  the  former  would 
exceed  the  latter,  and  that  by  only  1.4  per  cent.,  hence  it  is  reasonable 
to  conclude  that,  for  spans  and  panels  exceeding  15  feet,  the  alternative 
load  is  unnecessary. 

Passing  to  "Group  B,"  which  relates  to  "Wind  Pressure,"  we  will 
divide  the  subject  into  two  parts,  viz.,  "Amounts"  and  "Effects."  In 
respect  to  the  former  the  practice  has  of  late  years  changed  somewhat, 
the  tendency  being  to  reduce  the  intensities  specified  and  to  provide 
more  thoroughly  for  the  effects.  For  instance,  many  of  the  older  speci- 
fications called  for  a  jaressure  of  50  pounds  to  the  square  foot  of  surface 
on  both  sides  of  the  si3an,when  the  bridge  is  emj^ty,  while  in  fact  nearly 
every  structure  designed  by  said  specifications  would  double  up  like  a 
jack-knife  under  such  a  pressure.  In  most  of  the  modern  specifications, 
instead  of  stating  the  amount  of  wind  j^ressure  per  square  foot  of  sur- 
face, the  amount  per  lineal  foot  for  each  chord  is  given,  that  for  the  loaded 
chord  being  450  pounds,  and  that  for  the  unloaded  chord  150  pounds. 
For  short  spans  this  method  is  all  right,  in  that  it  jorevents  the  use  of  too 
light  lateral  rods  and  struts,  but  for  long  spans  the  amounts  are  too 
small.  The  writer  has  verified  this  statement  a  number  of  times  lately 
in  the  designing  of  unusually  long  sjians,  more  especially  where  the 
structures  have  to  carry  both  railway  and  highAvay  traffic.  In  one  case, 
for  a  span  of  500  feet,  the  total  pressure  figured  for  an  intensity  of  30 
pounds,  ran  as  high  as  900  pounds  per  lineal  foot,  and  in  another  case 
for  a  560-foot  span,  figured  for  an  intensity  of  only  25  pounds,  it  ran  as 
high  as  1  100  pounds  per  lineal  foot.  It  is  true  that  these  spans  were 
intended  to  carry  both  railway  and  highway  loads;  but  even  had  they 
been  intended  for  railway  traflSc  only,  the  total  pressure  per  lineal  foot 
would  have  over-run  considerably  the  600  pounds  ordinarily  specified. 
In  the  writer's  opinion  the  best  specification  for  wind  ijressure  would 
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embody  both  methods,  using  the  standard  600  i^ounds  as  a  minimum, 
and  calling  for  intensities  on  the  empty  structures  varying  between  40 
pounds  for  very  short  sj^ans  and  viaducts  and  25  pounds  for  very  long 
spans,  those  on  the  loaded  structures  varying  from  30  to  25  pounds. 

In  respect  to  areas  opposed  to  wind  pressure,  it  is  the  writer's  prac- 
tice to  double  the  area  of  the  vertical  projection  of  one  truss,  deduct 
therefrom  the  area  of  the  leeward  web  protected  by  the  train,  and  add  to 
the  diiference  the  area  of  the  floor  system  found  by  multiplying  the  span 
length  by  the  vertical  distance  from  the  top  of  the  guard  rail  to  the  bot- 
tom of  the  stringer.  If  the  lower  lateral  diagonals  be  not  protected  by 
the  windward  chord  or  by  the  stringers,  their  area  is  to  be  included  also. 

Now  as  for  the  "Effects  "  of  the  specified  wind  loads,  the  most  im- 
portant of  these  are  too  often  entirely  ignored  by  computers,  especially 
in  competition  ;  for  it  does  not  suflflce  to  calculate  the  stresses  in  the 
lateral  diagonals  and  stop  there.  In  good  practice  the  effects  of  the  wind 
loads  are  followed  from  the  points  of  apjjlication  until  the  masonry  is 
reached,  and  both  the  direct  and  indirect  effects  are  considered.  By 
direct  effects  are  meant  stresses  which  come  directly  from  the  loads, 
such,  for  instance,  as  the  tension  on  the  leeward  bottom  chord  from  the 
loads  of  the  lower  lateral  system.  By  indirect  effects  are  meant  those 
which  do  not  come  so  directly  (and  are,  therefore,  too  often  ignored), 
such,  for  instance,  as  the  increase  in  the  tension  of  the  leeward  bottom 
chord  due  to  the  load  that  is  transferred  from  the  windward  to  the  lee- 
ward side  in  resisting  the  overturning  moment  of  the  wind  loads  of 
the  ujjper  lateral  system,  or  the  somewhat  complicated  wind  stresses 
in  the  inclined  end  posts  of  through  bridges.  The  latter  subject  will  be 
treated  under  "  Grdup  E,"  but  the  former  might  as  well  be  taken  up 
here. 

The  amounts  for  the  transferred  load  stresses  cannot  be  determined 
with  accuracy,  but  as  they  are  large,  it  is  not  jaroper  to  ignore  them  for 
such  a  reason;  because  by  making  certain  assumptions  they  can  be 
found  approximately.  If,  for  instance,  there  were  no  upper  lateral  diag- 
onals, and  the  wind  loads  on  the  top  chords  were  therefore  carried  to 
the  lower  lateral  system  by  means  of  the  overhead  transverse  bracing, 
there  would  be  transferred  from  the  windward  to  the  leeward  truss  at 
each  panel  point  a  load  equal  to  the  product  of  the  wind  load  at  the  toj? 
chord  panel  point  and  the  truss  depth,  divided  by  the  perpendicular 
distance  between  trusses.     The  resulting  tensions  on  the  leeward  bottom 
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chord  (which  are  the  only  stresses  from  this  source  that  are  of  any  im- 
portance) could  be  readily  calculated,  and  would  be  found  to  increase 
from  end  to  middle  of  span.  But,  again,  if  there  were  no  overhead  ver- 
tical bracing,  the  wind  loads  applied  at  the  panel  points  of  the  top 
chord  would  be  carried  entirely  by  the  upper  lateral  system  to  the  upper 
ends  of  the  inclined  end  posts,  and  thence  down  the  same  to  the  piers, 
producing  a  release  of  load  on  the  windward  pedestal  and  an  increased 
load  on  the  leeward  pedestal.  The  latter,  if  the  chords  were  parallel, 
would  produce  a  tension  on  the  leeward  bottom  chord  that  would  be 
constant  from  end  to  end  of  span  ;  or,  if  the  top  chord  were  broken,  one 
that  would  decrease  from  end  to  middle  of  span. 

Now,  as  in  general,  the  upper  lateral  system  has,  or  ought  to  have 
much  more  rigidity  than  the  overhead  transverse  bracing,  the  prob- 
ability is  that  most  of  the  upper  wind  loads  will  travel  by  the  former  ; 
so  certain  engineers,  and  of  late  among  others  the  writer,  have  been  in  the 
habit  of  assuming  for  convenience,  that  they  travel  entirely  in  that  way, 
and  that  in  consequence  the  stresses  from  transferred  loads  in  both  lee- 
ward and  windward  bottom  chords  are  constant  from  end  to  end  of  span, 
provided  the  top  and  bottom  chords  be  parallel.  The  writer  has  gone  a 
step  farther  by  assuming  that  this  holds  good  even  when  the  top  chord 
is  broken  ;  and,  perhaps,  here  he  is  nearer  the  mark  than  in  the  case  of 
parallel  chords,  for  on  one  account  the  stresses  tend  to  decrease  from 
end  to  middle,  and  on  another  account  they  tend  to  increase  in  the  same 
direction. 

The  released  loads  on  the  windward  pedestals  cause  a  decrease  in  the 
dead  load  tensions  of  the  windward  bottom  chord,  and  this  effect  should 
be  added  invariably  to  the  compressions  in  said  chord  from  the  wind 
loads  of  the  lower  lateral  system  when  testing  for  reversing  bottom 
chord  stresses  with  empty  structure.  Too  often  this  is  ignored  by  com- 
puters, especially  when  competing  for  contracts. 

We  will  now  pass  to  "  Groujj  C,"  viz.,  "Styles  and  Proijortions  of 
Bridges."  As  before  stated  these,  by  a  process  of  elimination,  are  being 
gradually  reduced  to  a  system,  although  certain  well  known  engineers 
persist  in  adhering  to  antiquated  types.  Experience  has  shown  that  for 
spans  up  to  90  or  100  feet,  plate  girders  are  the  proper  thing  to  use. 
They  should,  however,  be  built  in  one  piece  at  the  shops,  and  never 
spliced  in  the  field.     This  will  limit  the  span  for  such  structures  to 
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three  car  lengths,  the  weight  during  shipment  being  carried  entirely 
by  the  outer  cars,  the  intermediate  one  being  an  idler. 

On  account  of  the  unavoidable  uncertainty  concerning  stress  distri- 
bution that  exists  in  riveted  connections,  jslate  girders  whenever  they 
■can  be  used  are  preferable  to  lattice  girders.  The  latter,  however,  as 
through  bridges,  for  single  track  sjians  between  100  feet  and  150  feet  in 
length,  and  for  double  track  spans  between  100  feet  and  125  feet,  are  the 
proper  style  of  structure  to  adopt.  However,  they  should  invariably 
be  built  upon  the  single  cancellation  princijile  instead  of,  as  ordinarily, 
with  several  systems  of  intersection.  The  latter  method  is  not  only  un- 
scientific, but  also  extravagant  in  the  use  of  metal ;  and  the  claims  of 
its  advocates  that  it  is  superior  to  the  Warren  type  are  imaginary  and 
unfounded.  Here  is  a  fine  opijortunity  to  discuss  the  much-vexed 
question  of  multiple  intersection  ve7-si(s  single  intersection  riveted  gird- 
ers, and  it  is  to  be  hoped  that  it  will  be  taken  advantage  of  by  those 
interested  in  both  sides  of  the  topic. 

It  is  evident  from  the  preceding  that  the  writer  would  rule  out  entirely 
the  pony  truss  bridge.  His  reason  for  this  is  because  of  the  uncertainty 
in  computing  the  strength  of  the  top  chord.  In  the  first  place  its  length 
as  a  strut  is  indeterminate  ;  and  in  the  second  place  the  side  bracing, 
when  attached  to  shallow  floor  beams,  as  is  often  likely  to  be  the  case, 
is  liable  to  do  more  harm  than  good  by  forcing  the  panel  points  of  the 
top  chord  out  of  line.  The  only  satisfactory  method  of  determining  how 
to  build  good  pony-truss  bridges  would  be  to  construct  a  number  of 
them  and  load  them  to  destruction,  thus  ascertaining  their  weak  points 
and  making,  if  practicable,  the  necessary  corrections.  But  would  not 
this  be  a  case  where  "  lejeu  n'e>i  vaui  pas  la  chaiidelle?  " 

For  spans  exceeding  150  feet  for  single  track  bridges  and  125  feet 
for  double  track  bridges,  the  Pratt  truss  with  its  vertical  intermediate 
and  inclined  end  posts  has  proved  to  be  the  most  satisfactory  structure, 
although  one  of  our  jjrominent  bridge  engineers  is  advocating  a  truss 
with  posts  of  varying  inclination  to  the  vertical.  His  principal  claim 
for  superiority  for  this  truss  is  economy  of  material ;  but  in  the  writer's 
opinion  this  is  much  more  than  offset  by  several  inferior  details, 
prominent  among  which  is  the  suspended  floor  beam.  It  is  hoped  by 
the  writer  that  the  gentleman  referred  to,  a  good  friend  of  his,  by  the 
way,  will  consider  the  foregoing  as  a  sufficiently  severe  attack  ujion 
his  pet  truss  to  warrant  his  bringing  up  the  subject  for  a  thorough 
discussion  by  the  profession. 
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The  principal  objections  to  suspended  floor  beams  are  tlieir  lack  of 
rigidity  to  resist  vibration,  and  their  inefficiency  to  act  as  lower  lateral 
struts.  It  has  been  whispered  that  riveted  connections  of  floor  beams  ta 
posts  are  not  as  jjerfect  as  they  are  held  to  be,  but  the  writer  has  yet  to 
hear  of  the  first  case  of  failure  of  the  rivets  in  this  connection  when  the 
beams  were  well  iDroportioned  and  of  the  proper  depth,  although  he  has 
himself  seen  cases  where  extremely  shallow  and  weak  floor  beams  could 
not  be  retained  to  the  post  by  any  practicable  means.  He  would  like  to 
hear  the  experience  of  other  engineers  on  this  jjoint. 

Beyond  the  limit  of  about  250  feet  (more  or  less  according  to  the 
lightness  or  heaviness  of  the  load  carried)  it  is  well  to  economize  metal 
by  adojiting  what  is  termed  by  some  engineers  the  "Pettit  "  truss  and 
by  others  the  "subdivided  Pratt  truss,"  inclining  the  top  chord  as  mar 
seem  advisable — in  fact  the  top  chord  may  be  inclined  or  broken  to 
advantage  in  Pratt  truss  spans  exceeding  say  175  or  200  feet.  lu  the 
Pettit  truss  the  writer  has  become  convinced  that,  in  dividing  the 
panels,  it  is  much  better  to  carry  the  intermediate  panel  load  by  a 
strut  towards  the  pier  than  to  take  it  by  a  tie  towards  the  center  of  the 
span,  even  if  the  former  method  require,  as  it  often  will,  more  metal; 
because  the  rigidity  of  the  truss  as  a  whole  is  thereby  increased,  and  the 
top  chord  sections  are  much  more  perfectly  supported  at  mid  length. 

The  inclination  of  the  top  chord  to  the  horizontal  is  a  feature  that 
can  be  and  is  sometimes  carried  to  excess.  Its  eff'ect  is  undoubtedly  to- 
economize  in  metal;  but  at  the  same  time  its  excessive  use  will  throw  too- 
much  work  upon  the  top  chord  and  leave  very  little  to  be  done  by  the- 
web,  which  therefore  becomes  light  and  vibratory.  Again,  with  excessive- 
curvature  of  top  chord,  the  stresses  in  web  diagonals  are  liable  to  reverse. 
If  such  reversion  or  tendency  towards  reversion  be  provided  for  ade- 
quately by  stifieuing  the  diagonals,  it  is  true  that  the  objection  vanishes, 
but  at  the  same  time  so  does  the  economy.  In  the  extreme  case  of  a. 
parabolic  tojj  chord,  towards  which  some  of  our  latest  long  spans- 
approach  closely,  every  panel  would  need  counter-bracing  in  order  to 
transfer  the  advancing  live  load;  and  surely  no  well-posted  engineer  will 
claim  that  the  i^arabolic  truss  bridge  is  a  good  structure  to  adopt.    , 

It  is  the  writer's  practice  Avhen  designing  a  bridge  with  inclined  top- 
chords,  to  figure  the  advancing  live  load  stresses  for  both  tension  and 
compression    upon  every  web   member  in   the  truss  from   pedestal  to     j 
pedestal,  then,  after  allowing  whatever   seems   advisable   for  impact,. 
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determine  what  diagonals  "will  need  stiflfening  and  what  will  not.  The 
percentage  to  be  allowed  for  impact  is  a  matter  of  judgment,  and  will 
depend  largely  upon  the  character  and  velocity  of  the  advancing  load. 

The  proi^er  minimum  distance  between  central  planes  of  trusses  for 
long  through  spans  is  still  an  undetermined  point,  some  engineers 
making  it  one-twentieth  and  others  one-eighteenth  of  the  span.  The 
writer  is  now  inclined  to  adopt  a  middle  course  by  calling  it  one-nine- 
teenth of  the  span,  although  he  once  designed  some  500  feet  sj^ans  with 
a  perpendicular  distance  between  trusses  of  25  feet.  It  is  hoped  that 
those  engineers  who  think  that  the  smaller  limit  will  induce  too  much 
vibration,  will,  in  the  discussion  of  this  paper,  give  their  reasons  for  so 
thinking.  In  case  of  deck  structures,  either  the  limit  for  the  pependicu- 
lar  distance  will  have  to  be  increased  or  the  truss  depth  will  have  to  be 
decreased  in  comparison  with  the  same  dimensions  for  through  bridges, 
on  account  of  the  greater  overturning  moment  of  the  wind  pressure; 
and  for  through  spans  of  medium  length,  say  250  feet,  the  perpendicular 
distance  between  central  planes  of  trusses  should  be  much  more  than  one- 
nineteenth  of  the  span.  The  writer  would  suggest  the  following  table 
for  through  spans  of  railway  bridges: 


Span. 

Least  Pekpendicijlar  Distance  between 

Centers 

or  Tbusses. 

250  feet  and  under. 

]8 

feet. 

300 

19 

350 

21 

400 

23 

450 

25 

500 

27 

550 

29 

600 

31 

The  writer  is  an  earnest  advocate  of  the  increasing  of  clear  roadways 
from  14  to  16  feet  for  single  track  through  bridges  and  from  27  to  29 
feet  for  double  track  through  bridges.  The  extra  2  feet  of  width  thus 
gained,  together  with  a  properly  designed  floor  system  and  efficient  pro- 
tection and  re-railing  apparatus  at  each  end  of  the  bridge,  would  do 
away  with  fully  90  per  cent,  of  the  bridge  accidents  caused  by  derail- 
ments, and  thus  deprive  the  opponents  of  pin-connected  bridges  of  their 
sole  argument  that  is  worthy  of  consideration. 

The  maximum  allowable  truss  depth,  except  for  draw  bridges,   in 
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the  writer's  opinion,  should  never  exceed  three  times  the  perpendicular 
distance  between  central  planes  of  trusses;  and  when  the  extreme  depth 
is  used  at  mid-sj^an  it  should  be  reduced  toward  the  ends  considerably. 

For  several  years  past  the  writer  has  held  the  opinion  that  in  important 
bridges  the  lower  lateral  systems  should  be  rigid,  and  he  has  now  about 
come  to  the  conclusion  that  an  adjustable  member  is  better  out  of  any 
railway  bridge  than  in  it.  However,  he  is  not  yet  prepared  to  abandon 
entirely  the  use  of  adjustable  n, embers  until  such  time  as  the  profession 
will  begin  to  agree  with  him  substantially  in  this  opinion. 

In  regard  to  the  j^roper  panel  length  for  any  truss  bridge,  the  tend- 
ency of  late  years  has  been  to  increase  this  length  for  the  purjjose  of 
saving  metal  not  only  in  the  eye-bars  but  in  nearly  all  the  other  members 
of  the  structure;  but,  while  saving  metal,  some  designers  have  gone  a 
little  too  far  by  using  eye-bars  too  shallow  for  their  lengths.  Such  pro- 
portions as  30  feet  length  and  4  inches  dej^th  are  not  unknown;  but 
what  the  sag  of  these  bars  is  the  writer  cannot  say.  Although  not 
entirely  guiltless  himself  in  this  particular,  he  has  for  several  years  been 
endeavoring  to  reform  by  adopting  the  following  table,  occasionally, 
however,  departing  from  it  slightly,  but  in  all  such  cases  comiDensating 
or  endeavoring  to  compensate  by  the  use  of  extra  section  in  the  member : 


Unsupported  Horizontal  Length  of  Bar. 

Minimum 

Depth  of  Bar. 

15  feet. 

2 

inches. 

16 

2^ 

17 

3 

18 

3^ 

20 

4 

22 

i 

U 

24 

5 

27 

6 

30 

7 

33 

8 

40     " 

10 

The  theory  has  been  advocated  by  a  prominent  engineer  that  the  use 
of  shallow  bars  for  long  panels  can  do  no  harm,  lor  by  the  formation  of 
a  catenary  in  the  bar  the  metal  is  not  overstrained;  biit  such  a  theory 
does  not  aj^pear  to  the  writer  to  be  tenable.  Long  i^anels  for  wide 
bridges  are  all  right,  but  for  single  track  spans  of  sh.)rt  and  medium 
lengths,  extraordinarily  long  panels  cause  the  lateral  diagonals  to  act 
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with  too  small  an  inclination  to  the  planes  of  the  trusses,  and  thus  lessen 
their  power  to  check  vibration. 

In  respect  to  spacing  of  stringers  there  seems  to  be  considerable 
difference  of  opinion  among  engine ars.  Some  say  that  they  should  be 
placed  exactly  under  the  rails  in  order  that  the  load  may  be  applied 
directly,  while  others  space  them  as  much  as  9  feet  and  even  10  feet  apart 
so  as  to  economize  on  metal  in  floor  beams.  If  the  former  method  be 
adopted,  outer  stringers  should  be  used  so  as  to  support  the  ends  of  the 
ties  in  case  of  derailment.  This,  of  course,  increases  the  weight  of  metal, 
and  is,  therefore,  objectionable,  if  a  more  economical  and  equally  effect- 
ive system  can  be  designed.  As  a  matter  of  fact,  can  any  one  point  to  a 
case  where  metal  stringers  have  been  injured  by  the  bending  down  of 
the  horizontal  legs  of  inner  upper  flange  angles,  and  if  there  be  such  a 
case,  was  there  not  some  glaring  weakness  in  the  floor  system  proper? 
Statistics  on  this  subject  would  be  valuable. 

For  several  years  the  writer  has  adopted  the  following  floor  system : 
metal  stringers  spaced  8  feet  centers;  pine  ties,  8  x  12  inches  on  edge, 
and  daj^iDed  1  inch  onto  stringers,  each  tie  being  bolted  at  each  end 
through  the  stringer  flanges  and  outer  guard  timbers  with  f -inch  bolts 
staggered  in  respect  to  the  flange  angles;  outer  guard  timbers,  6x10 
inches,  or  8  x  10  inches,  dapped  2  inches  onto  ties,  which  are  spaced,  as 
nearly  as  may  be,  13  inches  centers,  leaving  openings  of  5  inches,  and 
inner  guards  either  of  5  x  4  x  4-inch  angle  iron,  or  of  6  x  6-inch  timber 
dajDped  2  inches  onto  the  ties  and  faced  on  the  sides  next  to  the  rails 
with  3  X  3  X  f -inch  angle  iron,  screw-bolted  to  '  the  timber,  the  guard 
timbers  being  bolted  to  alternate  ties  with  f -inch  bolts.  Certain  railroad 
engineers  have  objected  to  this  system,  because  of  the  difficulty  of  re- 
placing ties.  They  say  that  only  every  third  or  fourth  tie  should  be 
bolted,  and  that  the  .bolts  should  not  go  through  the  stringer  flanges, 
but  should  grip  the  same  by  one-sided  heads.  The  writer's  reply  to  this 
criticism  is  that  the  system  was  designed  not  to  make  it  easy  of  replace- 
ment, but  to  make  it  difficult  to  break  up  or  remove  in  case  of  derail- 
ment; for  a  floor  system  should  be  so  built  as  to  be  able  to  carry  a  train 
entirely  derailed  across  the  structure  without  inj  ury  to  the  latter.  The 
writer  thinks  that  this  floor  system  on  bridges  having  16  or  29  feet  clear 
roadway,  and  provided  with  proper  re-iailing  devices  and  collision  i^iles 
in  the  embankment  near  the  ends,  will  afford  the  best  possible  protection 
against  failure  of  structure  by  derailment. 
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If  any  one  has  a  better  floor  system  than  this,  let  him  describe  it  in 
his  discussion  and  show  why  it  is  superior,  after  which  the  writer  will 
be  only  too  happy  to  abandon  his  system  and  adopt  the  better  one. 

Opinions  differ  concerning  the  use  of  pine  and  oak  for  floor  timber. 
The  writer's  preference  for  the  former  is  due  to  the  fact  that  oak  is  un- 
satisfactory because  of  its  warping  and  splitting.  Moreover,  when  it 
gets  old,  dry-rot  sets  in  and  forms  a  punky  material  that  is  easily  ignited. 
Good  pine  is  decidedly  superior  to  oak;  but  one  should  not  economize 
on  the  depth  of  the  ties  when  the  stringers  are  much  spread,  for  the 
strength  of  timber  is  usually  overrated. 

We  will  now  pass  to  "Group  D,"  viz.,  "Intensities  of  Working 
Stresses,"  and  will  take  the  bold  step  of  assuming  that  in  the  near  future 
the  material  for  the  metal  portions  of  railway  bridges  will  be  exclusively 
steel.  This  step  is  warranted  by  the  fact  that  to-day  mild  steel  is  prac- 
tically as  cheap  as  iron,  and  that  it  is  fully  as  reliable. 

There  is  no  portion  of  bridge  designing  in  which  there  is  greater 
diversity  of  opinion  among  authorities  than  this  matter  of  intensities  of 
working  stresses.  For  this  there  are  two  reasons:  First,  the  problem  of 
what  is  the  relation  between  statically  applied  loads  and  the  same  loads 
applied  with  different  velocities,  is  practically  an  unsolved  one;  and, 
second,  the  effect  on  metal  of  oft-repeated  loads  has  been  experimented 
upon  very  extensively,  but  not  in  a  manner  that  makes  the  dediictions 
from  the  experiments  applicable  to  bridge  designing. 

The  subject  of  the  relation  between  statically  and  dynamically  ap- 
plied loads  has  for  years  been  occupying  the  writer's  mind;  and  at  one 
time,  when  in  Japan,  he  Avent  so  far  as  to  design  and  build  an  api^aratus 
for  measuring  the  extensions  of  bridge  members  under  loads.  Unfor- 
tunately, either  the  design  or  the  manufacture  was  defective  (possibly 
both),  for  the  instrument  failed  to  give  any  record  of  value;  and  since 
then  no  opportunity  has  been  found  to  continue  the  investigation.  The 
French  technical  papers  have  lately  stated  that  there  has  been  designed 
in  Europe  an  apparatus  for  making  such  measurements  by  means  of 
water  pressure  on  cylinders  of  widely  varying  diameters,  and  that  the 
apparatus  is  a  success.  Here  is  a  fine  opening  for  a  few  energetic  engi- 
neers and  jirofessors  of  civil  engineering  to  make  a  series  of  experiments 
of  the  greatest  value;  and  it  is  not  unlikely  that,  were  said  experiments 
made  under  the  auspices  of  the  American    Society  of  Civil   Engineers, 
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an  appropriation  to  defray  the  expenses  of  same  could  be  obtained  from 
the  United  States  Government.  The  results  of  a  proper  series  of  tests 
of  this  kind  would  be  of  incalculable  value  to  the  engineering  profession, 
and  consequently  also  to  the  general  public.  It  is  probable  that  the 
railroad  companies  would  lend  their  assistance  to  the  extent,  at  least,  of 
furnishing  trains  and  bridges  for  the  experiments.  The  series  of  tests 
should  cover  spans  of  all  kinds  and  lengths,  and  should  be  applied  also 
•to  all  the  diflferent  members  of  said  spans. 

Now,  as  to  the  wearing  effect  of  oft-repeated  loads:  a  number  of  Ger- 
man scientists  have  devoted  several  years  to  an  elaborate  series  of  exper- 
iments upon  the  effect  of  loading  and  unloading  quite  rapidly  test  pieces 
of  iron  and  steel  beyond  the  elastic  limit.  The  effect  of  these  tests  upon 
American  bridge  siDCcifications  has  been  to  introduce  a  somewhat  bur- 
densome formula,  which  is  generally  of  the  form : 

Intensity  =  constant  (l  -f  minimum  stress  \ 
\  maximum  stress  / 

If  the  live  loads  on  bridges  were  applied  every  two  or  three  minutes, 
such  a  formula  would  be  applicable;  but  in  most  cases  the  metal  in 
bridges  has  time  to  recover  itself  between  the  applications  of  the  live 
loads;  consequently,  the  adoption  of  a  "fatigue"  formula  would  appear 
to  be  unnecessary,  involving  as  it  does  the  use  of  extra  metal. 

The  adoption  of  a  modification  of  this  "fatigue  "  formula  to  cover  the 
effects  of  both  impact  and  fatigue,  is  probably,  in  the  present  state  of 
our  knowledge,  the  best  compromise  that  can  be  made;  and  the  writer 
would  consequently  suggest  that  of 

Intensity  =  constant  ("l  +  -  •  ^iH^^5_«tre8s\ 
\         2    maximum  stress/ 

This  form  of  the  equation  (by  no  means  original  with  the  writer) 

accords  very  well  with  his  ideas  of  what  the  extreme  limits  of  stress  on 

metal  should  be.     It  must  be  observed,  though,  that  the  "  constant  "  in 

the  equation  must  be  changed  for  the  different  kinds  of  bridge  members, 

as  it  would  be  obviously  incorrect  to  make  it  the  same  for  primary  truss 

members  and  for  the  chords  of  long  spans.     Moreover,  it  is  scarcely 

worth  while  to  apply  the  formula  to  primary  truss  members,  stringers, 

floor  beams  and  plate-girder  spans  under  say  50  feet  in  length;  for  in 

these  the  item  of  impact  is  so  much  more  important  than  that  of  fatigue, 

that,  in  the  limited  state  of  our  knowledge,  it  is  well  to  adopt  intensities 

which  we  know  by  experience  will  be  low  enough. 
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The  adoption  of  the  formula  involving  the  factor  1  +  -^1^"    is  surely 

max. 

incorrect,  for  it  implies  that  a  live  load  is  twice  as  destructive  as  a  dead 
load.  If  this  were  so  for  one  member,  it  would  not  be  so  for  another;; 
or,  if  it  were  true  for  short  spans,  if  would  not  be  true  for  long  ones. 
Let  us  take,  for  instance,  an  extreme  case  and  assume  that  there  are,  side 
by  side,  two  very  long  duplicate  suspension  bridges  whose  cables  are 
iron  eye-bars.  In  one  bridge,  the  dead  load  strains  these  bars  40  000 
pounds  per  square  inch,  while  in  the  other  the  dead  load  strains  them 
to  only  20000  pounds;  but  once  a  day  there  passes  slowly  over  the  struc- 
ture a  live  load  that  strains  them  10  000  pounds  more,  making  a  maxi- 
mum intensity  of  30  000  pounds.  Now,  which  of  these  stnactures  would 
fail  first?  Surely  it  would  be  that  which  is  loaded  constantly  to  40  000 
pounds;  but  the  formula  would  indicate  that  the  two  structures  under 
the  different  loads  are  of  the  same  strength.  Some  engineers  have  even 
beea  kuown  to  contend  that  were  the  live  load  in  the  second  bridge 
increased  so  as  to  produce  a  tension  of  20  000  jjounds  ]3er  square  inch, 
making  the  maximum  intensity  40  000  pounds,  the  other  bridge  would 
still  be  the  one  to  fail  first.  This,  perhaps,  is  an  extreme  view  to  take; 
but  it  would  be  interesting  to  try  a  similar  experiment  ui^on  a  small 
scale  by  loading  a  vertical  tension  member  with  a  constant  dead  load 
that  we  know,  if  left  on  a  certain  length  of  time  will  surely  cause  rupture, 
and  loading  other  similar  pieces  periodically  by  loads  applied  and 
removed  very  gradually,  producing  a  series  of  maximum  intensities 
varying  uniformly.  If  it  be  desired  to  obtain  results  for  combined  live 
and  dead  loads,  certain  of  the  test  pieces  could  have  dead  loads  attached 
that  would  differ  uniformly.  To  obtain  results  with  any  pretension  to 
authenticity,  the  test  pieces  should  be  made  alike  with  the  greatest  care 
and  of  the  most  uniform  metal  obtainable;  and  there  should  be  notlesa- 
than  three  jiieces  used  for  each  different  kind  of  load.  The  writer  would 
suggest  that  some  energetic  yoiing  professor  of  civil  engineering,  who 
has  time  to  spare,  undertake  this  series  of  experiments,  and  communi- 
cate the  results  to  the  American  Society  of  Civil  Engineers. 

Mr.  Cooper,  in  his  specifications  for  both  railway  and  highway  bridges^ 
effectively  makes  the  broad  statement  that  a  live  load  in  all  cases  is  just 
twice  as  destructive  as  a  dead  load.  If  this  be  true  for  a  railroad  bridge 
where  the  moving  load  is  applied  rapidly  and  with  impact,  would  it  also 
be  true  in  a  highway  bx'idge  where  the  load  is  applied  slowly  and  quietly? 
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He  may  reply  that  lie  has  increased  the  intensities  for  highway  bridges; 
but  this  would  be  begging  the  question;  for,  surely,  the  dead  load  in  a. 
railway  bridge  is  no  naore  destructive  than  an  equal  dead  load  in  a  high- 
way bridge. 

The  writer  would  suggest  the  following  for  intensities  of  working- 
tensile  stresses: 

Bottom  chords  and  main  diagonals  (eye-bars), 

12000(1  +  4.^=^^4=) 
\  2      maximiim  stress/ 

Bottom  chords  and  main  diagonals  (plates  or  shaj^es)  net  section, 

11 000  ( 1  +  i .  ^iBi^}^^_?^^) 

\  2     maximum  stress/ 

Long  verticals  (eye-bars) 10  000  pounds. 

"  "         (plates  or  shapes)  net  section    9  000       " 

Short        "         (eye-bars) 9  000 

"  "         (plates  or  shapes)  net  section    8  000       " 

Plate  hangers 7  000       " 

Bottom  flanges  of  riveted  cross-girders  and 
stringers  and  longitudinal  plate  girders 

over  20  feet  long 10  000 

Bottom  flanges  of  stringers  and  longitudinal 

plate  girders  of  20  feet  length  and  less .  9  000  " 
The  principal  object  in  reducing  the  intensity  for  flanges  of  girders 
not  exceeding  20  feet  in  length  is  to  discourage  the  use  of  short  panels. 
It  is  jiroper  to  use  the  same  formula  for  bottom  chords  and  main 
diagonals,  because  the  minimum  stress  in  the  former  is  the  dead  load 
stress,  while  in  the  latter  it  is  the  dead  load  stress  less  the  live  load  stress 
that  tends  to  put  the  diagonal  in  compression.  When  counter  ties  are 
used,  of  course  there  can  be  no  such  reversing  stress  in  excess  of  the 
dead  load  stress,  hence  the  minimum  stress  will  be  zero,  and  the  proijer 
intensity  of  working  tensile  strength  will  be  12  000  pounds  for  eye-bars 
and  11  000  pounds  for  jilates  and  shapes.  For  counter  rods,  the  writer, 
when  he  cannot  avoid  adopting  them,  still  prefers  to  use  iron,  and  to 
strain  them  8  000  pounds  to  the  square  inch. 

Some  engineers  contend  that,  for  steel,  tension  members  built  of 
plates  and  shapes  are  as  strong,  per  square  inch  of  net  section,  as  are 
eye-bars;  but  until  ample  exjieriments  prove  this  to  be  a  fact,  the  writer 
prefers  to  make  a  difference  for  the  two  cases,  although  not  so  great  a 
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-diflference  as  he  would  adopt  were  the  metal  iron.     Discussion  on  this 
point  would  be  valuable. 

For  top  chords  the  intensity  recommended  would  be 


11000  (14-4.  ^i=^4r!?«) 

\  2     maximum  stress/ 


unless  the  ratio  of  unsupported  length  to  least  radius  of  gyration  exceed 

fifty,  in  which  case  the  intensity  given  by  the  formula  is  to  be  multiplied 

50 

by  the  quantity  — -. .-7-7 — -.     In  most  cases  of  well  designed  railway 

'  r&Tiio  01  I  iiO  V 

bridges  the  ratio  of  I  and  r  is  less  than  fifty.  Some  engineers  are  of 
ihe  opinion  that  top  and  bottom  chords  can  be  strained  alike,  especially 
if  a  slightly  higher  grade  of  steel  be  adopted  for  the  former,  but  the 
writer  will  be  averse  to  this  until  experiments  upon  full-sized  com- 
pression members  prove  it  to  be  legitimate. 

For  incHned  end  posts  the  intensity  of  working  stress  should  be 
found  by  the  same  formula  as  used  for  top  chords;  but  in  nearly  every 
■design  for  through  bridges  it  will  be  found  that  the  bending  effect  of  the 
wind  pressure  will  necessitate  an  increase  of  section.  For  vertical  posts, 
which  should  always  be  hinged,  the  intensity  can  be  found  by  the  for- 
mula, 

p  =  12  000  —  60  -. 
r 

This  formula  was  given  to  the  writer  some  five  years  ago  by  Mr. 

Edwin  Thacher,  who  established  it  in  an  eminently  practical  manner 

by  plotting  the  results  of  a  large  number  of  experiments,  inclosing  the 

points  by  an  oval  and  drawing  an  axis  through  the  latter.     The  equation 

to  this  straight  line,  divided  throughout  by  a  certain  factor  for  safety, 

will  give  the  last  equation.     The  writer  wishes  to  protest  here  against 

the  further  use  of  —^  in   formulas   for   compression  members,  for  the 

reason  that  it  involves  unnecessary  labor  and  gives  results  that  are  no 

more  nearly  correct  than  those  obtained  from  formulas  involving  —  to 

"the  first  power.  The  general  use  of  the  second  power  is  due  to  its  having 
occurred  in  Euler's  formula,  which  was  established  upon  an  assumption 
that  does  not  hold  good  for  compression  members  of  bridges.     Some 

engineers  may  contend  that  it  is  immaterial  whether  —  be    used  to  the 

•second  or  first  power,  as  the  results  are  always  tabulated;  but  there  are 
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t- 
■so  many  slightly  diflferent  formulas  specified  which  involve  —5-   that    one 

often  finds  that  the  tables  he  has  at  hand  will  not  apply. 

For  lateral  struts,  the  ends  of  which  should  always  be  fixed,  the  for- 
mula will  be 

p  =  17  000  —  55  - 

This  formula  may  appear  to  give  too  great  intensities  ;  but  it  will  be 
found  that  the  limiting  sizes  of  sections  and  limiting  ratio  of  length  to 
least  dimension,  which  are  given  in  good  specifications,  will  overrule  the 
objection  ;  and  when  designing  the  lateral  systems  of  large  and  import- 
ant bridges,  the  computer  who  tries  it  will  become  convinced  that  this 
formula  is  just  what  he  needs. 

In  cases  of  very  great  wind  pressures  for  long  spans,  where  it  takes  a 
a  large  amount  of  metal  to  provide  for  wind  stresses,  the  writer  con- 
siders it  legitimate  to  adopt  a  double  system  of  triangulation  for  the 
lateral  system,  and  to  assume  that  each  half  carries  one-half  of  all  the 
wind  i^ressure  allotted  to  the  entire  system  ;  and  in  so  doing  he  is  not 
inconsistent,  although  condemning  multiple  systems  for  vertical  trusses; 
l)ecau8e  maximum  wind  loads  are  of  rare  occurrence,  while  the  maxi- 
mum loads  for  vertical  trusses  are  liable  to  occur  frequently. 

"Keferring  to  the  latest  edition  of  Mr.  Theodore  Cooper's  specifica- 
tions, the  writer  wishes  to  take  exception  to  a  couple  of  points  relating 
■to  strut  formulas.  First,  the  intensities  specified  for  posts  are  excessive  ; 
for  instance,  in  the  case  of  a  long  span  where,  on  account  of  the  inclined 
iop  chords,  the  dead  load  stresses  in  posts  are  so  small  that  we  may 
here  ignore  them  (if  in  fact  they  do  not  reverse),  his  formula  for  steel 

would  be  about  8  400  —  48  — .     If  —  be  assumed  equal  to  80,  which  is 
r  r 

allowable,  the  intensity  of  working  stress  would  be  only  4  560  pounds. 
Surely  this  is  too  small  for  such  a  large  and  important  member  as  a  ver- 
tical post.     Or,  if  we  assume  —  =  50,  the  intensity  will  be  6  000  pounds, 

while  according  to  Mr.  Bouscaren's  specifications  it  would  be  12  000 
pounds.  Surely  when  two  such  high  authorities  differ  to  such  an  ex- 
tent, some  explanation  is  needed.  The  writer's  proposed  formula  would 
give  an  intensity  of  9  000  pounds,  which  is  exactly  a  mean  between  the 
two. 

Second,  the  writer  considers  it  to  be  incorrect  to  treat  a  batter  brace 
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or  inclined  end  post  in  the  same  way  as  a  vertical  post  is  treated  ;  for 
said  batter  brace  is  in  some  extreme  cases  merely  a  continuation  of  the 
top  chord,  and  in  all  cases  resembles  the  same  in  resjiect  to  stress  and 
sectional  area,  therefore  it  ought  to  be  treated  as  such.  It  is  hoped 
that  Mr.  Cooper  will  explain  in  the  discussion  his  reasons  for  specifying 
such  peculiar  intensities  of  working  compressive  stresses  as  those 
referred  to. 

Finally,  a  word  in  regard  to  the  use  of  the  formula  for  reversing 

,  .  i     J  /  -.        1      minimum  stress  \ 

stresses,  viz. ,  p  =  constant  (1  —  -^  • ; : j 

\  2      maximum  stress  / 

This  should  be  employed  where  the  reversion  is  of  common  occur- 
rence, as  in  web  diagonals,  and  not  where  it  is  unusual,  as  in  the  flanges 
of  floor  beams  where  the  stresses  are  liable  to  be  reversed  once  in  a  great- 
while  by  highway  loads  carried  on  cantilever  brackets. 

We  will  now  pass  to  "Group  E,"  viz.,  "  Combined  Stresses,"  and 
will  divide  it  into  two  parts  :  1st,  Longitudinal  stresses  only  ;  and  2d,. 
Co-existent  longitudinal  and  bending  stresses. 

Part  No.  1  relates  principally  to  bottom  chord  proportioning  when 
the  wind  stresses  are  taken  into  account.  One  authority  stipulates- 
for  this,  that  when  the  wind  stress  exceeds  one-quarter  of  the  sum 
of  the  live  load  and  dead  load  stresses,  the  section  shall  be  increased, 
until  the  total  stress  per  square  inch  will  not  exceed  by  more  than  one- 
quarter  the  maximum  fixed  for  the  live  and  dead  loads  only.  The  writer- 
would  prefer,  after  figuring  the  direct  and  indirect  wind  stresses  as  ex- 
plained previously  in  this  i>aper,  and  adding  them  to  the  sum  of  the  live- 
load  and  dead  load  stresses,  to  use  an  intensity  40  per  cent,  greater  than 
that  adopted  for  the  live  and  dead  load  only,  provided  that  said  intensity 
never  exceed  21  000  pounds  for  eye-bars,  or  19  000  pounds  for  tension 
members  built  of  plates  and  shapes.  It  is  better  to  take  into  account- 
all  possible  stresses  when  finding  the  maximum  total,  and  to  use  a  high 
intensity,  than  to  ignore  certain  important  stresses  and  use  a  lower- 
intensity. 

Part  No.  2  relates  principally  to  the  proportioning  of  batter  braces 
or  inclined  end  posts  ;  and  it  is  a  peculiar  fact  that  no  railway 
bridge  specification  yet  written  begins  to  cover  the  ground  of  designing 
properly  this  important  member  of  a  through  bridge  ;  and,  moreover, 
the  matter  is  seldom  given  the  importance  it  deserves,  even  in   larg&- 
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bridges  designed  bv  our  leading  bridge  companies  and  by  expert  engi- 
neers. 

There  are  three  vital  considerations  in  the  correct  i^roportioning  of 
batter  braces,  viz. : 

A.  What  are  all  the  direct  stresses,  and  how  are  they  to  be  found  ? 

B.  What  is  the  greatest  bending  moment,  and  how  should  it  be 
computed  ? 

C.  What  are  the  proper  intensities  to  be  used,  and  ujjon  what  should 
they  be  figured  ? 

The  answers  to  these  questions  are  as  follows: 

A.  Live  load,  dead  load  and  transferred  load  stresses,  the  latter  being 
computed  as  indicated  previously  in  this  pajoer. 

B.  The  greatest  bending  moment  is  found  by  assuming  a  division 
(usually  equal)  of  the  total  wind  ijressure  upon  the  structure  between 
the  four  pedestals,  and  multiplying  the  thrust  on  one  leeward  pedestal 
by  the  distance  between  the  center  of  the  end  pin  and  the  section  of  the 
batter  brace  under  consideration.  Some  engineers,  in  order  to  reduce 
the  bending  moment  thus  found,  which  is  undoubtedly  very  great, 
assume  a  fixedness  of  the  batter  brace  at  the  pedestal,  thus  cutting 
down  the  length  of  the  lever  arm,  and  consequently  the  amount  of  the 
bending  moment,  by  50  per  cent.  Although  the  writer  some  seven 
years  ago  computed  in  this  way,  he  is  now  convinced  that  the  method 
is  wrong;  for  the  end  of  the  piece  cannot  possibly  be  fixed  or  held  in 
any  way  that  even  approaches  fixedness.  At  the  moving  end  of  the 
span  there  is  certainly  enough  play  between  the  bottom  of  the  pedestal 
and  the  holding  down  members,  whatever  they  may  be,  to  nullify  all 
assumptions  of  rigidity;  while  at  the  other  end  of  the  span,  even  if 
there  were  no  play  in  the  end  pin-hole,  the  anchor  bolts  and  the  details 
affected  by  the  stresses  therein  are  by  no  means  strong  enough  to  war- 
rant one  in  assuming  the  connection  to  constitute  a  fixed  end. 

C.  The  intensity  of  working  stress  is  the  total  intensity  on  the  ex- 
treme fibre  of  the  section  considered,  and  is  equal  to  the  sum  of  the 
total  direct  stress  divided  by  the  sectional  area  of  the  member  at  the 
place  considered,  and  the  intensity  of  extreme  filjre  stress  on  the  com- 
pression side,  due  to  the  bending  moment  of  the  horizontal  reaction  at 
the  foot  of  the  member.  The  value  of  this  total  intensity  should  lie 
between  20  000  pounds  for  short  spans  and  24  000  pounds  for  very  long 
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ones.     Even  these  apparently  high  values  will  often  make  the  sectional 
area  of  the  batter  brace  ajjpear  excessive. 

The  most  effective  way  to  strengthen  the  batter  brace  against  bend- 
ing is  to  add  metal  in  the  form  of  heavy  angle  irons  just  outside  of  the 
webs  of  the  built  or  rolled  channels.  A  number  of  the  latest  Missouri 
River  bridges,  all  built  by  the  same  engineer,  show  a  quite  unnecessary 
defect  in  the  design  for  the  reinforcement  of  the  batter  brace;  for  all  of 
the  reinforcing  metal  is  placed  upon  the  inside  in  the  form  of  a  built- 
I  beam,  thus  making  the  section  of  the  member  decidedly  unsymmetrical, 
and  weakening  instead  of  strengthening  it. 

In  one  of  these  cases  which  the  writer  has  checked,  the  addition  of 
16.85  square  inches  of  section  in  the  form  of  a  built  I  beam  increases- 
the  intensity  of  working  stress  for  combined  live  and  dead  loads  about 
18  per  cent. ;  while,  if  the  same  area  had  been  added  symmetrically, 
the  intensity  of  working  stress  would  have  been  reduced  about 
26  per  cent.  It  is  true  that  the  member  as  it  stands  is  all  right 
for  bending,  even  with  the  worst  combinations  of  stresses,  and  the  metal 
under  live  and  dead  load  stresses  is  not  dangerously  overstrained;  never- 
theless there  seems  to  be  no  good  reason  for  disposing  of  extra  metal  so 
unscientifically  as  to  make  it  do  more  harm  than  good,  when  it  could 
easily  have  been  distributed  advantageously.  Possibly  the  reason  is 
that  if  the  extra  metal  were  divided  equally  between  the  two  sides  of 
the  member,  the  leeward  batter  brace  would,  for  combined  direct  stress 
and  bending,  be  strained  about  10  per  cent,  higher  than  the  windward 
batter  brace  with  all  of  the  metal  on  the  inside;  but  even  then  the  extreme 
fiber  would  still  be  strained  within  legitimate  limits.  Moreover,  is  it 
not  better  practice  to  overstrain  metal  once  in  a  great  while,  say  once  in 
ten  years,  by  10  per  cent,  than  to  overstrain  it  18  per  cent,  every  time- 
that  the  structure  receives  its  full  live  load  ? 

We  will  now  pass  to  "  Group  F,"  viz.,  "Plate  Girder  Proportioning." 
In  this  matter  there  is  quite  a  little  difference  of  opinion  among  bridge- 
designers,  probably  owing  to  the  necessarily  unsatisfactory  character  of 
all  investigations  concerning  stress  distribution  in  this  style  of  girder. 
Plate  girder  proportioning  amounts  to  but  little  more  than  rule-of- 
thumb  practice;  so  it  would  be  well  for  us  all  to  acknowledge  the  fact- 
at  once,  and  by  a  series  of  exj^eriments  to  destruction,  ascertain  how 
satisfactory  are  our  present  methods  of  design,  then,  if  necessary,  modify 
them. 
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The  qixestions  of  how  the  shear  on  the  web  travels,  and  how  the 
stress  on  a  flange  distributes  itself  over  the  section,  can  never  be  deter- 
mined analytically  except  upon  assumptions  that  cannot  be  verified 
even  approximately,  nor  can  we  tell  by  theoretical  investigation  what 
should  be  the  i^roj^er  thickness  for  a  web;  consequently  it  would  be 
well  to  drop  these  investigations  at  once  and  for  all  time,  and  content 
ourselves  with  ascertaining  whether  our  present  methods  of  proportion- 
ing will  bear  the  searching  investigation  and  criticism  attendant  on 
exhaustive  experiments.  In  the  writer's  opinion  any  web,  if  ■properly 
stiffened  by  angle  irons  of  an  economically  designed  plate  girder,  will 
have  sufficient  sectional  area  as  far  as  strength  is  concerned,  so  there 
is  no  use  in  adopting  webs  thicker  than  three-eighths  of  an  inch  for  long, 
deep,  single  track  girders,  provided  that  said  thickness  give  ample  bear- 
ing for  flange  rivets  near  the  ends  of  span,  which  in  most  cases  it  will. 

As  a  matter  of  precaution,  the  writer  is  averse  to  making  webs  of 
stringers  less  than  three-eighths  of  an  inch  thick,  although  he  believes 
that  five-sixteenths  inch  jslate,  when  eftectively  stiffened  and  kept  well 
painted,  will  do  its  work  just  as  Avell,  Does  any  one  know  of  a  case 
where  the  five-sixteenths  inch  web  of  a  Avell  designed  plate  girder  was 
the  cause  of  even  symptoms  of  failure?  Some  statistics  on  this  pont 
ana  on  jjoints  of  actual  weakness  of  plate  girders  under  traffic  would  be 
very  interesting,  and  it  is  hoped  that  the  discussion  on  this  jjaper  will 
bring  such  matters  to  light. 

The  clause  in  Mr.  Cooper's  specifications  which  stipulates  that> 
whenever  practicable,  one-half  of  the  sectional  area  of  any  flange  should 
lie  in  the  two  angle  irons,  is  a  very  good  one,  and  in  the  writer's  opinion 
the  number  of  cover  plates  used  for  a  flange  should  be  restricted  to 
three,  or  preferal  ily  to  two. 

There  is  an  important  matter  neglected  in  most  railway  bridge 
specifications,  viz. ,  the  proportioning  of  end  stiflfeners  where  the  plate 
girders  rest  on  masonry  or  other  supports.  The  intensity  to  use  for  the 
steel  end  stiffening  angles  should  be  8  000  pounds;  and  the  filling  plates, 
if  there  be  any,  should  not  be  counted  upon  as  aiding  said  stifieners. 
Both  ends  of  such  end  stifieners,  and  the  upper  ends  of  all  intermediate 
stiffeners  of  deck  girders,  should  be  cut  so  as  to  bear  against  the 
horizontal  legs  of  the  flange  angles.  This  is  a  point  often  overlooked  in 
manufacturing. 

There  is  some  difference  of  opinion  among  experts  as  to  the  greatest 
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allowable  length  of  unsupported  compression  flanges  of  plate  girders, 
Mr.  Cooper  placing  it  at  thirty,  and  others  as  low  as  twenty  times  the 
width  of  the  flange.  The  writer  thinks  that  with  the  style  of  floor 
system  described  in  this  paper,  where  the  track  ties  provide  great  lateral 
stifihess  for  the  flanges,  the  limit  of  thirty  is  correct. 

It  is  his  firm  oj)inion  that  the  proper  way  to  proportion  the  section 
of  a  plate  girder  for  a  given  bending  moment  is  to  count  in  the  web  as 
aiding  to  resist  bending.  It  surely  does  aid  in  resisting,  so  why  not 
allow  for  its  resistance?  There  is  no  need  for  going  into  burdensome 
calculations  involving  moment  of  inertia  of  cross-section,  when  the 
method  of  assuming  that  one-sixth  of  the  area  of  the  web  is  concentrated 
at  the  center  of  gravity  of  each  flange  will  give  almost  identical  results. 
Of  course,  if  the  web  be  counted  in,  the  intensities  of  working  stresses 
for  the  flanges  will  have  to  be  decreased  accordingly.  While  it  is  true 
that  for  girders  of  ordinary  jjroportions  it  is  immaterial  whether  the 
flange  section  be  proportioned  by  one  formula,  ignoring  the  web, 
or  by  another  equivalent  formula  involving  it,  it  is  evident  that  in 
girders  of  unusual  proportions,  for  instance,  very  deep  floor  beams 
where  the  bending  moments  are  comparatively  small,  the  ignoring  of 
the  aid  of  the  web  in  resisting  bending  causes  a  waste  of  metal  in  the 
flanges. 

We  will  now  pass  to  the  next  "group,"  and  the  last,  viz.,  "Group 
O,"  which  includes  "  General  Details  of  Construction  ;"  but  on  account 
of  the  large  field  that  it  covers,  we  will  have  to  confine  our  attention  to 
the  salient  points  of  design  whereon  engineers  differ,  taking  up  first 
those  relating  to  general  features  and  afterwards  those  that  may  be  more 
properly  termed  "details." 

The  question  as  to  hoW  far  the  riveting  of  stringers  to  floor  beams 
should  be  carried,  is  still  an  undecided  point.  This  method  of  con- 
struction has  decidedly  great  advantages  in  respect  to  both  rigidity  and 
economy  of  material,  but  would  be  objectionable  for  very  long  spans  for 
two  reasons;  first,  the  stringers  have  a  tendency  to  do  some  of  the  work 
that  belongs  to  the  bottom  chords,  for  which  the  connections  of  the 
former  are  unfit;  and,  second,  there  is  a  horizontal  bending  induced  in 
the  floor  beams,  especially  in  those  near  the  ends  of  the  span.  The 
writer  never  hesitates  about  riveting  stringers  to  beams  in  ordinary 
spans  u\^  to  175  feet  in  length,  or  in  any  draw  span  whatsoever;  and  he 
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has  lately  concluded  to  adopt  the  system  for  spans  of  any  length  by 
inserting  sliding  points  in  the  floor  system  at  distances  of  about  150  feet. 
Stringers  riveted  to  beams  really  aid  the  bottom  chords  in  resisting 
reversed  stresses,  but  upon  this  fact  the  writer  never  relies,  preferring 
to  stiffen  the  bottom  chords,  although  the  practice  of  some  bridge 
builders  is  to  omit  the  stiSeuing. 

The  use  of  end  floor  beams  for  all  spans  is  still  an  undetermined 
matter.  The  old  practice  was  to  let  the  stringers  of  the  end  panels  bear 
upon  the  masonry,  and  to  run  a  light  strut  between  pedestals;  but  for 
several  years  the  writer  has  invariably  used  end  floor  beams  with 
stringers  riveted  thereto,  and  is  well  satisfied  with  the  results  of  the 
practice.  The  advantages  of  the  detail  are  a  homogeneous  motion  of 
contraction  and  expansion  for  all  the  metal  in  the  structure  with  only 
two  places  for  sliding  or  rolling  motion,  a  greater  rigidity  of  floor 
system  in  the  end  panels,  and  a  very  satisfactory  end  lower  lateral  strut. 
The  only  disadvantage  is  a  slight  one,  viz. ,  the  necessity  for  using  a  little 
more  metal. 

The  intersection  at  a  i^oint  of  all  the  axes  of  bridge  members  coming 
together  at  any  panel  point  of  a  structure  has  for  years  been  9,  deside- 
ratum, but  as  far  as  the  writer  knows  has  never  been  attained  for  any 
'  structure  yet  built.     The  writer,  after  seven  years  of  trial,  has  at  last 
solved  the  problem  for  large  structures,  and  has  applied  the  method  to 
two  or  three  large  bridges  that  he  is  now  preparing  to  build.     The 
method,  of  course,  could  be  applied  to  short  and  light  spans  also;  but 
ii  would  require  an  amount  of  extra  metal  that  it  does  not  seem  advisable 
to  employ,  considering  the  fact  that  the  objectionable  results  of  eccentric 
connection  can  generally  be  provided  for  legitimately,  either  by  strain- 
I  ing  the  metal  higher  or  by  reinforcing.     Unfortunately,  however,  the 
'  injurious  effect  of  eccentric  connections  is  too  often  ignored  in  bridge 
designs. 

«  The  connection  of  an  end  lower  lateral  diagonal  to  the  pedestal 
plate,  instead  of  to  the  chord  and  end  floor  beam  is  a  very  faulty  detail. 
To  begin  with,  the  connection  is  made  generally  a  foot  below  the  center 
line  of  the  chord,  producing  a  bending  moment  that,  when  expressed  in 
inch  pounds,  seems  enormous.  At  the  fixed  end  of  the  bridge  no  special 
harm  is  done ;  but  at  the  roller  end  the  uniformity  of  the  pressure  on 
the  rollers  is  seriously  interfered  with,  and  a  bending  moment  is  thrown 
upon  the  end  diagonal,  if  it  be  a  stiff  member.     In  short  it  is  not  a 
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scientifically  designed  connection;  and  there  is  no  need  whatsoever  for 
adopting  it  under  any  circumstances.  .,' 

Of  late  years  floor  beams  for  large  bridges  have  been  designed  with 
incomplete  lower  flanges  for  reasons  with  which  all  bridge  builders  are 
acquainted;  but  in  such  cases  it  is  better  to  use  an  intermediate  flange 
running  the  entire  length  of  the  beam  rather  than  to  carry  the  shear  to 
the  posts  by  patch-work.  A  few  tests  on  full  sized  specimens  of  floor 
beams  with  incomplete  bottom  flanges  and  patched  ends  would  afford  I 
considerable  information  of  value,  and  if  the  experiments  were  extended 
so  as  to  show  the  effect  on  the  strength  of  beams  of  beveling  or  fish-l)elly- 
ing  their  ends,  the  results  would  be  still  more  valuable. 

There  is  a  very  common  connection  for  lateral  rods  that  is  quite  ^ 
faulty,  yet  is  used  at  the  present  time.  It  is  the  one  where  the  rod 
passes  between  the  vertical  legs  of  two  short  pieces  of  angle  iron  and 
through  either  a  plate  or  another  piece  of  angle  iron  for  the  adjusting 
nut  to  turn  up  against.  It  is  faulty  because  the  rivets  connecting  the 
angles  to  the  main  member  are  proportioned  for  a  shear  equal  to  the 
tension  on  the  rod,  while,  in  reality,  there  is  a  neglected  bending  moment 
equal  in  amount  to  the  tension  on  the  rod  multiplied  by  the  j^eriDendicu- 
lar  distance  between  its  axis  and  the  main  member.  This  bending 
moment  must  be  resisted  by  an  equal  one,  one  of  the  forces  of  which  is 
a  direct  tension  on  some  of  the  rivets.  If  the  length  of  the  connecting 
angles  were  made  sufficiently  great,  the  detail  would  not  be  so  objection- 
able; although  rivets  should  not  be  subjected  to  direct  tension.  The 
tension,  perhaps,  might  be  considered  indirect  in  that  it  comes  from  aA 
induced  bending  moment;  moreover,  it  may  be  made  as  small  as  we 
please  by  simply  lengthening  the  angle  irons. 

The  writer  has  designed  and  adopted  a  similar  detail  for  making  the 
end  of  a  column  triily  fixed,  running  the  anchor  bolts  a  couple  of  feet 
or  more  above  the  pedestal,  each  between  two  angle  irons  riveted  to  the 
member,  and  through  a  very  thick  plate  resting  on  top  of  said  angle 
irons.  In  this  case  the  tension  on  the  rivets  is  a  bagatelle.  The  ordinary 
fixed  ends  for  columns,  even  when  the  anchor  bolts  are  figured  strong 
enough,  are  weak  in  detail  on  account  of  assumptions,  made  to  save 
metal,  which  would  never  be  realized  were  the  column  bent  by  the 
assumed  transverse  load.  One  favorable  feature  of  the  detail  just 
described  is  that  the  pull  from  the  anchor  bolts  is  carried  directly  into 
the  body  of  the  column,  passing  by  without  straining  the  bed  plate  and 
its  connecting  angles  and  rivets. 
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Beam  hangers  with  screw  ends  ought  to  be  no  longer  countenanced, 
for  they  are  in  many  resjDects  inferior  to  jilate  hangers;  and,  in  fact,  sus- 
pended beams  themselves  should  be  ruled  out,  except  for  sub-divided 
panels,  in  which  case  they  should  be  stayed  effectively  against  all 
motion.  In  the  bridge  specifications  of  the  Atchison,  Topeka  and  Santa 
Fe  Eailway  Company  (1889)  there  is  a  clause  requiring  that  in  double 
track  bridges  the  floor  beams  be  invariably  sus^iended.  The  writer  is 
desirous  of  knowing  what  is  the  reason  for  this  requirement.  If  there 
be  a  good  reason,  the  general  practice  of  bridge  designers  should  conform 
with  the  requirement;  but  if  not,  the  clause  of  said  specifications  in 
relation  thereto  should  be  changed. 

The  minimum  thickness  of  metal  permitted  in  certain  bridge  si>eei- 
fications  (filling  plates,  of  course,  excepted)  is  one-quarter  inch;  but  in 
the  writer's  opinion  this  ought  to  be  increased  to  five-sixteenths,  and  for 
all  horizontal  plates  (that  do  not  let  the  water  drain  off  readily)  to  three- 
eighths  of  an  inch.  Metal  that  is  exijosed  very  much  to  smoke  from 
locomotives,  especially  where  the  smoke  can  collect  and  hang,  ought  to 
have  a  thickness  of  three-eighths  of  an  inch,  besides  frequent  painting. 

In  the  writer's  opinion,  any  mild  or  medium  steel  that  will  withstand 
the  standard  drift  test,  viz. ,  the  enlarging  of  a  rivet  hole  25  per  cent, 
without  cracking,  will  not  require  reaming  of  rivet  holes. 

The  lengths  of  stay-plates  for  compression  members  are  a  matter  of 
dispute  among  bridge  builders,  some  requiring  twice  the  lengths  speci- 
fied by  others.  The  writer  thinks  that  no  hard  and  fast  rule  will  answer, 
but  that  each  stay -plate  should  have  as  many  rivets  to  connect  it  to  the 
main  member  as  its  importance  of  position  demands.  For  instance,  at 
the  hii^s,  the  top  chord  and  batter  brace  stay-plates  should  be  long,  while 
at  the  main  intermediate  panel  points  they  should  be  shorter,  and  at  sub- 
panel  jDoints  they  might  be  reduced  to  12  inches  in  length  so  as  to  pro- 
vide four  rivets  in  each  line.  As  no  experiments  have  ever  been  made 
upon  the  requisite  sizes  of  stay-plates,  there  is  nothing  for  the  designer 
to  do  but  to  fall  back  on  his  past  experience  and  common  sense  when 
proportioning  these  details. 

Finally,  there  is  an  important  item  in  detailing  that  seldom  seems  to 
receive  proper  attention:  it  is  the  efl'ect  of  an  eccentric  stress  upon  a 
grouj)  of  rivets.  Designers  do  not  appear  to  recognize  the  fact  that  there 
is,  under  such  a  condition,  an  immense  bending  moment  that  can  only 
be  resisted  by  an  equal  bending  moment  due  to  the  shearing  resistance 
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of  the  rivets  in  a  circular  direction  about  the  center  of  gravity  of  the 
group.  How  often  we  see  a  lower  lateral  rod  of  say  1^  inch  diameter 
connected  to  the  flange  of  a  floor  beam  by  a  jiin  through  a  plate  that  is 
attached  to  the  angles  Vjy  four  seven-eighths  inch  rivets,  the  perpendic- 
ular distance  of  the  center  line  of  the  lateral  rod  from  the  center  of  grav- 
ity of  the  group  of  rivets  lieing  say  6  inches,  and  that  from  said  center 
of  gravity  to  a  rivet  being  say  3  inches.  If  T  be  the  tension  on  the 
lateral  rod,  one-quarter  T  will  be  the  direct  shear  on  one  rivet,  and  one- 
half  T'the  indirect  shear  on  same;  and  as  one-quarter  T  is  all  that  the 
rivet  under  the  assumed  conditions  ought  to  stand,  it  is  evident  that  the 
total  shear  on  the  rivet  is  three  times  as  great  as  it  ought  to  be.  This 
is,  of  course,  an  extreme  case,  but  it  serves  to  demonstrate  the  point  at 
issue. 

The  extent  of  this  paper  having  far  surpassed  the  limit  set  by  the 
■writer  at  the  outset,  he  will  now  close  with  an  earnest  request  that  all 
those  who  are  especially  interested  in  bridge  building  discuss  thoroughly 
not  only  the  questions  raised  herein,  but  also  other  disputed  points  raised 
by  themselves  or  by  others  in  the  discussion;  for  it  is  intended  to  sub- 
mit all  discussions  for  still  further  discussion  until  there  shall  be  prac- 
tically no  more  to  be  said  on  the  entire  subject.  v 


DISCUSSION 


Thomas  H.  Johnson,  M.  Am.  Soc.  C.  E, — Mr.  Waddell  treats  us  to  a 
bit  of  very  pungent  satire  in  his  oi^ening  paragraph,  when,  after  stating  | 
the  object  to  be  attained,  he  leaves  us  to  infer,  from  his  figurative  refer- 
ence to  the  asymptote,  that  he  has  no  hope  of  accomplishing  the  object 
sought  until  the  finite  shall  pass  into  the  infinite,  and  "  time  shall  be  ' 
no  more."  And  therein  he  is,  no  doubt,  correct.  So  long  as  there 
are  differences  in  the  attendant  conditions;  so  long  as  men  see  through 
their  own  eyes,  instead  of  their  neighbors';  so  long  as  materials,  and  our 
knowledge  of  them,  are  both  in  a  state  of  evolution;  so  long  as  the 
engines,  the  cars  and  their  lading,  which  our  bridges  are  to  support,  are 
undergoing  change — so  long  will  men  differ  in  opinion  on  many  of  the 
points  raised  in  this  pajier.    . 

To  notice  all  the  points  raised  by  Mr.  Waddell,  would  practically 
amount  to  writing  a  full  treatise  on  "Bridge  Designing,"  for  which  I 
have  neither  time  nor  inclination.  I  will,  therefore,  only  touch  upon  ft 
few  salient  points.     First  of  these  is  the  subject  of   "  Concentrated 
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Loads  vs.  Uniform  Loads. "  I  have  always  been  in  favor  of  the  concen- 
trated load  method,  because  it  involves  more  simplicity,  greater  ac- 
curacy and  less  labor.  I  am  fully  in  accord  with  the  quotation  from 
Mr.  Cooper  which  Mr.  Waddell  gives  us  on  that  subject ;  and  while 
fully  appreciating  the  beauty  of  his  new  method  of  finding  the  equivalent 
loads,  it  fails  to  convince  me  that  the  former  method  should  be  aban- 
doned. The  new  method  still  requires  separately  determined  uniform 
loads  for  moments,  and  for  shear,  each  variable  for  different  spans.  The 
amount  of  labor  necessary  to  calculate  the  equivalent  loads,  for  each 
type  of  engine,  would  have  served  to  make  tables  of  moments  and  shears, 
for  that  engine  loading,  which  would  be  far  more  ^servicable  than  the 
uniform  load,  in  reducing  the  labor  of  subsequent  calculations  ;  and  the 
result  would  not  vary  "  20  per  cent."  from  the  correct  amount,  as  Mr. 
Waddell  shows  may  be  the  case  with  the  uniform  load  method. 

Next,  as  to  the  types  of  loading  proposed.  Turning  to  Mr. 
Waddell's  diagram,  I  note  that  he  shows  his  heavy  train-loads  with  his 
heavy  engine-loads,  and  vice  versa.  The  developments  of  the  engine 
and  train  now  in  progress,  and  the  future  of  which  it  is  the  bridge 
engineer's  duty  and  aim  to  anticipate,  are  not  being  carried  along  on 
parallel  lines.  The  growth  of  the  engine  results  from  the  effort  to  in- 
crease the  gross  load  hauled  ;  the  growth  of  the  train  load  results  from 
the  effort  to  make  the  paying  load  a  larger  proportion  of  the  gross  load 
hauled.  For  instance,  but  a  few  years  ago  railroads  were  hauling  10-ton 
loads  in  cars  weighing  8  tons  ;  now  they  are  hauling  30  and  40-ton  loads 
in  cars  weighing  13  tons.  And  these  cars,  so  loaded,  go  anywhere  and 
everywhere;  giving  a  condition  of  uniformity  to  the  service  on  all  roads, 
that  renders  more  than  one,  or  at  the  most  two  types  of  train  load,  un- 
necessary. But  with  the  engine  the  case  is  different.  The  type  of 
engine  used  will  depend  iipon  the  steepness  of  the  grades  to  be  over- 
come ;  and  different  roads,  and  different  divisions  of  the  same  road,  will 
require  engines  of  different  class  ;  hence,  all  of  the  engine  types  shown 
will  be  needed.  I  would,  therefore,  suggest  that  the  diagrams  proposed 
be  amended  to  show  a  uniform  following  load  of  4  000  pounds  per  foot 
in  all  cases.  The  40-ton  carloads,  before  alluded  to,  bring  the  actual 
loads  of  the  present  day  up  to  3  000  pounds  per  foot,  as  a  general  every- 
day load;  while  special  loads  are  frequently  handled  that  far  exceed  this 
figure.  It  seems  to  me,  therefore,  that  allowing  for  future  development 
of  the  carrying  capacity  of  the  cars,  4  000  pounds  is  not  too  high  a 
figure.  I  would  suggest  further  that  Mr.  Waddell's  engine  diagrams 
will  be  more  in  accord  with  the  actual  dimensions  which  the  engine 
builders  are  following,  if  he  reduces  the  driver  spaces  to  4 J  feet,  instead 
of  5  feet,  and  increases  the  distance  from  rear  driver  to  tender  wheel  to 
11  feet,  leaving  other  dimensions  as  proposed.  This  will  more  nearly 
conform  to  actual  fact,  without  sacrificing  the  simiilicity  aimed  at. 

I  cannot  agree  with  the  aiithor  in  his  wholesale  condemnation  of  the 
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13ony  truss.  There  are  certain  situations  in  wliicli  this  form  of  truss 
cannot  -n-ell  T^e  dispensed  with  ;  and,  notwithstanding  the  apparent  am- 
biguity in  the  effective  column  length  of  the  top  chord,  I  have  yet  to  see 
a  pony  truss  bridge  showing  signs  of  failure  on  account  of  weakness  in  the 
top  chord.  I  have  known  several  such  structures,  some  of  which  were 
built  in  the  early  days  of  iron  bridges,  and  for  light  loads  ;  and  I  have 
known  them  to  show  signs  of  failure  in  the  floor  beams,  hangers,  counters, 
etc.,  but  never  in  the  top  chord.  In  the  matter  of  subdivided  panels,  I 
must  express  myself  in  favor  of  carrying  the  intermediate  i^anel  load  to 
the  top  laanel  points,  which  Mr.  Waddell  condemns.  I  fail,  too,  to  see  how 
the  other  method  adds  to  the  general  stiffness  of  the  truss  as  a  whole,  or 
how  the  mid-length  of  the  top  chord  can  be  better  supported  than  by 
the  King  post  type  of  trussing.  Furthermore,  the  form  which  Mr. 
Waddell  advocates  is  open  to  the  serious  objection  that  in  those  panels 
having  counters,  there  can  be  no  assurance  that  the  load  does  not  follow 
the  counter  instead  of  the  brace.  When  the  counter  is  in  action  from 
the  advancing  load  it  becomes  certain  that  the  load  must  follow  the 
counter,  because  a  tie  and  a  strut,  lying  in  the  same  axis,  cannot  both  be 
in  service  at  the  same  time. 

Passing  to  group  D,  it  strikes  me  that,  after  spending  so  much  time 
pleading  for  uniform  loads,  for  the  express  purpose,  as  alleged,  of  dimin- 
ishing the  drudgery  of  calculation,  the  author  becomes  inconsistent 
when  he  advocates  a  complex  formula  for  determining  unit  stresses,  with 
a  so-called  "constant"  which  must  have  different  values  for  each  class 
of  truss-members.  The  labor  supposed  to  be  saved  by  the  uniform  load 
will  be  more  than  lost  in  finding  the  unit  stresses.  And  to  what  end  ? 
How  much  better  will  be  the  result  than  if  we  follow  the  simpler  method 
of  using  a  definite  unit  strain  for  each  class  of  members,  varied,  if  you 
please,  by  different  unit  strains  for  live  load  and  for  dead  load  ?  Touching 
ujion  the  proper  allowed  stress  for  "  tension  members  built  of  plates 
and  shapes,"  calls  to  mind  the  growing  jDractice  of  using  built  sections 
for  the  end  i^anels  of  lower  chords,  and  for  the  end  susjjender.  The 
compression  strains  in  these  members  are  more  or  less  remote  contin- 
gencies, Avhile  the  normal  strains  are  those  of  tension.  A  due  regard 
for  the  "eternal  fitness  of  things"  requires  that  these  members  present 
to  the  eye  the  forms  of  tension  members,  and  the  change  from  the  eye- 
bar  to  the  built  form  is  an  offense  to  the  eye,  which  cannot  be  too 
severely  condemned  and  frowned  upon.  Engineering  structures  are,  as 
a  rule,  not  ajsthetic  structures;  but  they  have  a  beauty  of  their  own, 
due  iiartly  to  a  certain  grace  of  outline  and  proi)ortiou,  but  most  of  all 
because  of  a  higher  and  more  subtle  beauty,  born  of  an  inherent  expres- 
sion of  massive  strength  and  fitness  for  their  work.  AYe  can  ill  afford  to 
sacrifice  this  beauty;  and,  so  far  as  pin  connected  trusses  are  concerned, 
I  would  make  the  allowed  unit  strain  for  built  members  in  tension  so 
low  that  the  resulting  quanf;ity  of  metal  required  would  more  than 
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balance  the  slight  diflference  in  cost  as  between  angles  and  eye-bars,  and 
thus  remove  all  temi^tation  to  the  use  of  this  form  of  ugliness. 

As  to  the  unit  strains  on  columns,  it  has  been  my  lot  to  appear  in 
print  on  that  subject  several  times  in  the  last  few  years,  and  I  would  not 
enter  upon  it  now,  were  it  not  that  I  believe  I  can  add  something  to 
■what  has  been  said  before.  In  Engineering  Newsoi  December  22d,  1888, 
I  pointed  out  the  fact  that  many  of  those  who  are  adopting  the  straight 

line  formula,  P  =  K — c — -,  give  the  numerical   constants    arbitrary 

values  without  regard  to  the  relation  which  should  exist  between  them, 
which  relation  had  been  established  in  a  paper  on  the  subject,  read  by 
me  at  the  Deer  Park  Convention,  in  1885,  and  published  in  the  transac- 
tions of  the  Society  for  1886.  I  now  submit  two  plates,  on  which  are 
plotted  the  lines  representing  all  the  straight  line  formulas  now  in  use, 
which  I  have  been  able  to  collect — those  for  iron  being  on  sheet  No.  1, 
and  those  for  steel  on  sheet  No.  2.     (See  Plates  XVII,  XVIII.) 

A  glance  at  these  diagrams  would  indicate  that  the  profession  at 
large  has  become  convinced,  not  that  the  law  of  the  column  is  correctly 
represented  by  a  straight  line,  but  that  any  straight  line  may  represent 
that  law.  On  Plate  XVII,  line  No.  3  is  for  L.  L.  on  chords,  and  line 
No.  8  is  for  initial  strains  on  lateral  struts,  and  both  are  taken  from  one 
and  the  same   specification.     Please  note  that  these  lines  cross  each 

other  at —  =  50,    which  means  that  for  greater  lengths  than  —  =  50 
r  r 

he  would  require  relatively  more  metal  in  a  lateral  strut  than  in  a  top 
chord.  I  cannot  think  that  this  was  the  author's  meaning,  but  rather  that 
it  results  from  the  determination  of  the  value  of  c  by  "judgment"  or 
"  guess,"  rather  than  by  the  mathematical  relation  heretofore  mentioned. 
On  Plate  XVIII,  line  No.  2  represents  the  equation  for  steel  top  chords, 
as  used  on  the  railroad  lines  with  which  the  writer  is  connected.  It 
has  been  established  with  due  regard  to  the  law  of  the  column  and 
correctly  represents  it.     Line  No.  16  represents  the  formulas  which  Mr. 

Waddell  recommends,  viz.,  11  000  pounds  up  to  — ^  =  50,  and  11  000 

_l_  for  greater  lengths,     I  trust  Mr.  Waddell  will  not  take  offense  if 

r 
I  venture  to  point  out  that  this  formula  is  utterly  without  support  in 
reason  or  experience,  and  is  a  purely  arbitrary  assumption  in  every 
particular.     It  is  simjjly  a  guess  and  a  very  jjoor  one  at  that,  for,  compar- 
ing the  two  lines  on  the  diagram.     It  will  be  seen  that  Mr.  Waddell's 

method  gives  results  that  at  — ;-  =  50  are  27  per  cent,   too   high,  and 

a.t  — —  =  120  are  16  per  cent,  too  low.  The  diagrams  speak  for  them- 
selves and  further  comment  thereon  is  unnecessary. 
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In  the  paper  before  referred  to  it  was  shown  that  the  correct  law  of 
the  column  is  represented  by  a  straight  line,  tangent  to  the  curve  of 
Euler's  equation.  It  was  also  shown,  or  stated,  that  this  curve  and  its 
tangent  possess  the  peculiar  property  that  the  ordinate  at  the  point  of 
tangency  is  always  one-third  of  the  ordinate  at  0  of  abcissas.  I  wish 
now  to  call  especial  attention  to  this  property,  as  it  contains  the  guiding 
principle  which  will  enable  us  to  find  the  proper  value  of  c,  for  any 
assumed  working  strain  value  of  K,  in  a  simpler  way  than  by  the 
formula  given  in  the  original  paper.  In  the  working  formulas, 
whatever  value  of  K  be  assumed  for  the  different  classes  of  members, 

and  kinds  of  stress,  the  value  of  c  should  be  so  taken  that  for  —  = 

r 

point  of  tangency,  P  =  }  K. 

It  was  also  shown  that  for  different  forms  of  end  bearings,  the  points 

of  tangency  are  as  follows  : 

Iron.  Steel. 

0.12  Carbon. 

Square  ends  at  —  = 218  195 

Hinged  ends       "    = 178  .159 

To  which  I  now  add — 

steel. 
0.16  Carbon. 

Square  ends  at  —  = 191 

r 

Hinged  ends        "   = 156 

Calling  this  distance  to  point  of  tangency  vi,  then  equation  P  =  K 

—  c  —  becomes  P  =^  K  —  c  m,  when  —  :=  m. 
r  r 

But  by  the  foregoing  condition,  we  also  have  for  that  jDarticular  case, 

P  =.^  K.     Hence, 

K  —  c  m  =  —^ 

2K 
or,     c  »i  =  — -— 

o 

T.        , .  1  2  /r  , . 

From  which  c  =  -- — -   (a) 

6  III 

Giving  to  m  successively  the  values  just  stated,  we  have  the  following 
values  of  c,  in  terms  of  K : 

Iron.  Steel  0.12.  Steel  0.16. 

1  ^^  ^^  ^ 

Squareends -^  -^g^  -^^ 

This  will  afford  a  simple,  direct  and  ready  method  of  fixing  the 
proper  value  of  c  in  any  working  formula  for  column  strains.  I  give 
the  formula  for  square  ends  and  hinged  ends  both.     It  is  my  practice, 
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however,  to  use  only  the  hinged  end  formula  for  the  comijression 
members  of  bridges.  There  is  no  member  in  a  jjin-connected  truss  so 
fixed  in  direction  at  the  ends  as  to  warrant  the  use  of  the  square  end 
formula. 

In  regard  to  girder  work,  I  wish  to  call  attention  to  a  practice  which 
I  believe  is  almost,  if  not  quite,  universal  in  the  offices  of  the  bridge 
companies.  Notwithstanding  the  urgent  advocacy  of  uniform  loads, 
because  the  results  are  "near  enough,"  they  will  carry  calculation  to 
ultra  refinement  in  the  weights  of  angles;  making  the  top  and  bottom 
angle  of  a  girder,  floor  beam  or  stringer  to  differ  by  0.1  or  0.2  pounds 
per  foot.  I  have  even  seen  these  weights  written  to  two  decimals.  This 
practice  becomes  absurd,  if  we  stop  to  consider  that  all  that  the  rolling 
mills  undertake  to  do,  is  to  get  within  2^  per  cent,  of  the  weights 
ordered;  that  is  to  say,  in  a  10-pound  angle  the  allowed  variation  is  0.25 
pound,  and  on  a  25-pound  angle  it  is  0.6  pound.  These  are  the  limits 
of  accuracy  in  filling  the  order,  and  any  greater  nicety  in  the  weights 
ordered  is  worse  than  useless,  for  it  introduces  shades  of  difference 
which  cannot  be  detected  by  the  shop  foreman  or  the  inspector,  with 
the  calipers  and  foot  rule  which  they  carry.  I  would  like  to  see  a  clause 
in  every  bridge  specification  jarohibiting  the  use  of  any  weights  of  shape 
iron,  except  those  corresponding  to  regular  intervals  of  gV  inch.  It 
would  then  be  jjossible  to  know  that  in  assembling  the  right  piece  had 
gotten  to  the  right  place. 

In  "half  through  "  plate  girders,  I  notice  that  designers  tend  to  the 
use  of  long  panels  with  deep  floor  beams.  This  I  regard  as  bad  prac- 
tice, because  the  lack  of  head  room  which  prevents  the  use  of  deck 
girders  also  restricts  the  dejith  of  floor;  and,  besides,  the  plate  girder 
type  always  seems  to  me  adapted  to  receiving  small  loads  at  many 
points,  rather  than  large  loads  at  few  points.  It  will  also  be  found  in 
most  cases,  that  the  greater  concentration  of  loads  on  a  few  points 
results  in  larger  flange  strains  than  with  the  more  uniform  distribution 
due  to  shorter  panels. 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E. — Mathematics  is  defined  as  the 
science  which  draws  necessary  conclusions.  Such  as  the  premises  are,  so 
will  the  conclusions  be.  Hence  we  should  avoid  the  error  of  the  young^ 
engineer,  described  by  John  Phoenix,  who  paced  off  the  diameter  of  his 
circle,  and  then  calculated  its  circumference  to  six  places  of  decimals.  Pro- 
fessor Waddell  is  doing  good  service"  in  trying  to  show  that  the  simpler 
method  of  uniform  loa  Is  gives  results  as  accurate  as  the  assumption  of 
loads  headed  by  heavier  engines  can  do,  which  is  more  complex  to 
calculate.  Certainly  this  is  a  matter  of  proof,  and  it  can  be  shown 
whether  he  is  right  or  wrong.  In  regard  to  usual  pressures,  it  is  a  sad 
thing  to  reflect  that  a  violent  gale  which  would  unroof  houses,  blow 
down  chimneys  and  generally  wreck  any  exposed  structure  presenting 
a  solid  surface,  will  not  injure  any  kind  of  steel  or  iron  bridge  unless 
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already  tottering  to  its  fall  like  the  old  Tay  bridge  in  Scotland,  But, 
on  the  other  hand,  the  most  carefully  designed  steel  bridge  will  be 
sheared  in  two  by  a  tornado,  as  if  made  of  rotten  pine.  We  must  take 
■every  possible  precaution  to  give  strength,  by  making  the  bridge  wide 
enough  and  not  too  high  in  iiroportion  to  width,  and  then — trust  in 
Providence  that  the  tornado  will  go  somewhere  else. 

For  a  wood  floor,  that  described  by  Professor  Wad  dell  is  good;  but 
■the  time  will  come,  we  hope,  when  a  steel  bridge  without  a  steel  floor  of 
>plates  and  gravel  filling,  will  be  looked  upon  as  an  imjierfect  structure, 
except  in  long  spans  where  a  reduction  of  speed  generally  takes  place. 
The  assumj)tion  that  a  live  load  is  twice  as  destructive  as  a  dead  load 
is  a  safe  one,  and  should  not  be  changed  until  we  get  more  light  upon 
the  subject.  Engineers,  in  calling  for  tenders,  would  do  better,  instead 
•of  giving  a  formula,  to  work  out  the  results,  and  give  the  maximum 
•allowable  strain  upon  each  part  of  the  bridge  in  detail,  so  much  for 
top  chords,  so  much  for  end  posts,  etc.,  etc.  There  would  be  no  mis- 
understanding then.  I  agree  with  all  the  writer  says  about  the  jsropor- 
tioning  of  plate  girders. 

General  Details  of  Construction. — The  best  rule  I  know  of  is  to 
connect  the  chords,  posts  and  diagonals  with  pins,  and  rivet  all  other 
connections.  Also  in  spans  of  less  than  150  feet,  rivet  all  connections. 
The  weak  point  in  most  bridges  is  the  riveting  of  floor  beams  to  posts. 
This  should  be  carefully  looked  to,  to  see  that  the  maximum  shear  is  not 
exceeded.  This  is  a  very  interesting  and  suggestive  paper,  and  it  is  to 
be  hoped  that  it  will  be  the  means  of  calling  forth  much  useful  infor- 
mation in  the  form  of  discussion,  by  those  actively  engaged  in  designing 
bridges. 

Geokge  F.  Swain,  M.  Am.  Soc.  C.  E.— The  writer  has  been  accus- 
tomed for  a  number  of  years  to  compute  bridges  for  a  uniform  load, 
together  with  a  locomotive  excess,  believing  that  such  an  assumed  load 
will  give  results  that  are  practically  as  correct  as  those  which  may  be 
obtained  by  the  use  of  actual  wheel  loads.  In  a  paper  which  he 
presented  to  this  Society  in  1887,*  he  referred  to  this  matter,  and 
advanced  in  favor  of  the  use  of  uniform  loads,  almost  identically  the 
same  reasons  which  are  now  urged  with  such  force  by  Mr.  Waddell. 
At  the  same  time,  Mr.  Waddell  exaggerates  very  much  the  labor 
involved  in  computing  with  the  actual  loads,  and  his  remarks  ou  this 
jjoint  will  not  be  concurred  in  by  many  engineers  of  experience,  who 
have  discovered  the  short  cuts  and  simplifications  that  are  possible 
in  the  use  of  the  moment  diagram.  For  instance,  ou  page  9  of  this 
jjaijer,  Mr.  Waddell  says  :  "A  stroug  point  that  can  be  raised  in  favor 
of  using  equivalent  uniformly  distributed  loads  for  finding  bonding 
moments  in   plate  girder  spans,  is  that  the  ordinary  engine  diagram 


*  "On  the  Calculation  of  the  Stresses  in  Bridges  for  the  Actual  Concentrated  Loads."— 
Transactions  Am.  Soo.  C.  E.,  July,  1887. 
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cannot  be  employed,  for  the  reason  that  the  {greatest  bending  will  nearly 
always  occur  when  some  of  the  wheels  at  the  head  of  the  train  have  passed 
off  the  si^an.  In  consequence,  one  would  either  need  to  have  at  hand  a 
moment  diagram  with  each  wheel  leading  in  turn  for  each  standard  load- 
ing, or  would  have  to  discard  all  diagrams  and  make  a  special  investiga- 
tion of  moments  for  each  case  as  it  arises."  Mr.  Waddell  has  fallen  into 
error  here,  for  if  some  of  the  forward  wheels  pass  off  of  the  span,  this  fact 
may  be  allowed  for  in  a  very  simple  and  expeditious  manner,  and  the  ad- 
vantageous use  of  the  moment  diagram  is  not  in  the  least  interfered 
•with.  The  principal  argument  in  favor  of  using  uniform  loads  with  a 
locomotive  excess,  it  seems  to  me,  is  that  it  is  simj^ler;  and  that  by  prop- 
erly choosing  the  loads,  the  results  will  be  practically  as  correct  as  those 
obtained  with  a  system  of  concentrated  loads.  The  use,  however,  of  a 
concentrated  load  system  involving  wheel  spacings  w  ith  fractions  of  an 
inch,  is  a  totally  unnecessary  waste  of  labor,  and  cannot  be  too  strongly 
objected  to.  Most  engineers  will  cordially  agree  with  Mr.  Waddell  upon 
this  point, 

Mr.  "Waddell's  remarks  upon  the  subject  of  wind  pressure  are  interest. 
ing  and  valuable.  No  doubt  the  actual  amount  of  wind  pressure  to  which 
bridges  are  subjected  is  very  uncertain,  but  this  is  no  excuse  for  neglect- 
ing to  compute  and  to  take  due  account  of  all  the  efiects,  having  once 
decided  what  pressure  per  square  foot  to  allow  for. 

The  writer  cannot  agree  with  Mr.  Waddell  in  his  unqualified  con- 
demnation of  double  system  riveted  trusses.  The  general  principle 
of  adhering  to  structures  in  which  the  stresses  are  as  nearly  as  possi- 
ble determinate,  is  undoubtedly  soimd,  and  will  be  conceded  by  most 
American  engineers.  No  structure,  however,  not  even  the  pin  bridge 
■with  one  web  system,  is  j^erfectly  determinate,  on  account  of  the 
continuity  of  the  top  chord,  the  friction  on  the  pins,  and  other  cir- 
cumstances ;  and  when,  as  in  a  riveted  truss,  the  joints  are  firmly 
connected,  and  both  chords  are  continuous,  the  amount  of  uncer- 
tainty in  the  stresses  is  quite  considerable,  and  the  secondary  stresses 
very  appreciable.  Under  these  circumstances,  which  are  well  under- 
stood; the  additional  uncertainty  introduced  by  using  two  systems  in- 
stead of  one,  is  small  in  comparison,  and  the  advantages  of  the  double 
system  certainly  deserve  consideration.  These  advantages  are  princi- 
pally the  simplification  of  the  details  of  the  connections — an  advantage 
which  will  be  fully  appreciated  by  any  one  who  has  attempted  to  design 
a  single  systlem  riveted  truss  of  considerable  span,  and  the  further  fact 
that  the  destruction  of  one  web  member  of  the  truss  does  not  necessarily 
mean  the  collapse  of  the  span.  The  terms  "imaginary"  and  "un- 
founded "  will  have  to  be  applied  to  Mr.  Waddell's  claims  in  favor  of 
the  single  system  truss  and  his  unqualified  condemnation  of  anything 
else,  iiutil  he  advances  arguments  and  facts  instead  of  simple  state- 
ments in  favor  of  his  position.     While  most  engineers  will  probably 
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prefer  single  system  riveted  trusses  in  general,  they  will  admit  that  the 
use  of  doulde  systems  under  certain  circumstances  is  not  without  jus- 
tification. 

Neither  can  the  writer  agree  with  Mr.  "Waddell  in  his  unqualified  con- 
demnation of  suspended  floor  beams.  The  arguments  on  both  sides  of  this 
question  deserve  consideration;  and  if  it  is  objected  that  suspended  floor 
beams  lack  rigidity,  it  may  be  replied  that  this  objection  may  frequently 
be  overcome,  while  the  method  of  riveting  the  floor  beams  to  the  posts 
introduces  objectionable  features  which  cannot  be  i*emedied,  namely,  the 
bending  of  the  posts,  the  twisting  of  the  chords,  and  the  conseqxient  un- 
equal distribution  of  stress  upon  the  diagonal  bars,  the  inside  bars  of  any 
one  diagonal  carrying  a  greater  load  than  the  outside  bars.  Added  to  this 
is  the  fact  that  the  upper  rivets  in  the  floor  1  >eam  connection  are  exposed 
to  tension.  If  Mr.  Waddell  considers  that  these  objections  are  met  by  the 
statement  that  he  has  never  heard  of  the  failure  of  rivets  in  this  connection, 
we  may  ask  him  if  he  has  ever  heard  of  any  practical  disadvantage  ai'ising 
from  the  use  of  a  j^roperly  constructed  plate  hanger.  No  doubt,  sus- 
pended floor  beams  with  adjustable  hangers  are  objectionable,  but  a 
single  plate  hanger,  riveted  to  the  floor  beam,  transfers  the  load  centrally 
to  the  i^in,  and  when  combined  with  projoer  details  with  reference  to  the 
lateral  bracing,  such  a  construction  certainly  has  a  great  deal  in  its  favor, 
and  is  not  to  be  condemned  without  qualification. 

The  matter  of  the  stresses  in  eye-bars  due  to  their  own  weight  is  an 
interesting  and  important  one,  but  there  is  not  space  to  discuss  it 
thoroughly  here.  The  writer  long  ago  came  to  the  conclusion  that  the 
additional  stress  due  to  the  weight  was  largely  counterbalanced  by  the 
efi"ect  of  the  pull  in  the  bar  acting  with  a  lever  arm  equal  to  the  deflection. 
The  precise  condition  of  things  may  be  found  mathematically. 

Mr.  Waddell's  floor  system  is  a  good  one,  though  the  writer  much 
prefers  to  have  the  stringers  under  the  rails,  and  safety  stringers  outside. 
The  distance  of  the  inside  guard  rails  from  the  track  rails,  where  re- 
railing  devices  are  not  used,  is  a  matter  regarding  which  there  is  much 
bad  practice;  and  the  writer  has  seen,  on  some  important  lines  of  rail- 
road, these  inside  guard  rails  within  2  inches  of  the  track  rails.  In  such 
case  they  would  be  worse  than  useless,  since  a  wheel  could  not  run  be- 
tween the  two  rails,  and  even  a  6-inch  space,  which  would  allow  a  wheel 
to  enter,  is  not  sufiicient,  since  the  opposite  wheel  would  even  then 
cramp  the  track  rail,  especially  in  the  case  of  a  narrow-gauged  pair  of 
wheels.  "With  regard  to  the  collision  posts,  the  writer  must  confess  that 
he  doubts  their  value,  and  cannot  but  feel  that  they  may,  in  many 
cases,  do  harm  instead  of  good. 

Mr.  Waddell  apparently  considers  the  "fatigue  formula  "  for  deter- 
mining dimensions,  to  be  unnecessary  and  burdensome,  yet  he  proposes 
a  form  of  it  which  is  in  principle  the  same  thing.  The  difliculty  which 
he  encountars  in  considering  this  matter,  appears  to  arise  from  the  fact  . 
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that  he  does  not  seimrate  the  effect  of  impact  from  the  effect  of  repeated 
stress.  The  matter  of  repeated  stress  is  simply  this;  if  a  load  of  55  000 
pounds,  apjjlied  gradually  and  once,  is  required  to  break  a  bar,  then  any 
less  load  will  not  break  it,  if  api^lied  once,  and  allowed  to  remain;  but  if 
the  load  is  varied  between,  say,  45  000  and  30  000  pounds,  rupture  will 
finally  occur;  or  if  the  variation  is  from  40  000  to  20  000  jjounds,  or  from 
30  000  pounds  to  zero,  rupture  will  in  time  occur.  Now,  those  who  use 
the  repeated  stress  formula  believe  that  in  each  case,  for  a  given  ratio  of 
maximum  to  minimum  stress,  the  factor  of  safety  should  be  allowed  on 
the  ultimate  strength  for  this  same  ratio  of  maximum  to  minimum.  That 
is  to  say,  using  the  above  figures  simply  for  illustration,  if  the  factor  of 
safety  is  five,  we  should  allow: 

1 1  000  pounds  per  square  inch  for  a.bar  in  which  max.  =  min . 

9  000  "  "  "  "        max.  =  1.5  min. 

8  000  "  "  "  "        max.  =  2  min. 

6  000  "  "  "  "        min.  =  0. 

These  results  are  unquestioned,  although  the  effect  of  time — both 
during  the  application  of  the  load  and  between  loads — has  not,  until  very 
recently,  been  carefully  studied.  Now  the  efiect  of  impact  is  a  separate 
matter,  and  the  writer  can  see  no  correct  method  of  allowing  for  this  except 
by  adding  a  certain  percentage  to  the  live  load  stress,  adding  to  this  the 
dead  load,  and  treating  the  whole  as  a  dead  load.  If  this  method  is  used, 
all  difficulty  vanishes.  The  percentage  to  be  added  should  be  assumed  by 
the  engineer  according  to  a  sliding  scale,  using  judgment  and  experience 
in  default  of  accurate  experiments;  then  the  factor  of  safety  for  a  dead 
load  must  be  decided  upon,  and  used  on  the  iiltimate  strength  according 
to  one  of  the  repeated  stress  formulas,  or  used  on  the  elastic  limit,  to  suit 
the  opinion  of  the  designer.  Mr.  Waddell's  formula  will  not  suit  all 
cases,  highway  as  well  as  railway  bridges,  simi3ly  because  the  impact  is 
different  in  these  cases.  And,  in  this  connection,  the  importance  of  using 
a  sliding  scale  in  varying  the  unit  stresses,  may  well  be  again  urged. 
Surely  it  is  unscientific  to  allow  10  000  pounds  per  square  inch  for  bot- 
tom flauges  of  flat  girders  over  20  feet  long,  and  9  000  pounds  when  they 
are  under  20  feet  long.  This  practice  will  result  in  giving  heavier 
flanges  for  a  girder  slightly  under  20  feet  in  span  than  for  a  girder  slightly 
over  20  feet  span.  And  surely  the  allowable  stress  for  chords  in  a  truss 
500  feet  long  could  be  greater  than  for  chords  in  a  truss  100  feet  long,  on 
account  of  the  difference  in  impact,  although  by  Mr.  Waddell's  formulas 
the  same  would  be  allowed  in  both  cases.  The  writer  may  add  here  that 
personally  he  believes  the  use  of  a  reijeated  stress  formula  unnecessary, 
on  account  of  the  fact  that  no  load  below  the  elastic  limit  will  produce  rup- 
ture of  a  sound  bar,  however  often  applied.  He  advocates  using  a  factor 
of  safety  for  dead  load,  based  upon  the  elastic  limit,  and  allowing  for 
impact  by  a  sliding  scale  of  percentages. 

Mr.  Waddell  advocates  the  straight  line  formula  for  posts,  and  pro- 
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tests  against  the  use  of  —^  for  compression  members,  claiming  that  it 
involves  unnecessary  labor.  The  difference  of  labor  between  using  the 
ordinary  formula  with  —^  and  that  with  —  is  very  slight,  and  it  may 
not  be  out  of  place  to  point  out  here  that  the  straight  line  formula,  such 
as  p  =  12  000  —  60  —  is  incorrect  in  form,  and  cannot  possibly  be  a  cor- 
rect formula,  though  it  may  give  results  practically  close  enough.  The 
correct  principle  to  follow  in  deciding  upon  a  formula  for  proi)ortioning 
members  would  seem  to  be,  to  find  first  the  correct  form  for  the  for- 
mula, and  then  to  determine  the  constants  according  to  the  results  of 
experiments  on  materials.  These  constants  will  be  sul)ject  to  modifica- 
tion as  our  knowledge  of  the  strength  of  materials  increases,  but  the 
formula  will  retain  the  same  form.  To  use  a  formula  whose  form  is  in- 
correct is  a  step  towards  empirical  and  rule-of-thumb  methods,  which 
Mr.  Waddell  and  many  others  who  advocate  the  straight  line  formula 
would  in  general  be  quick  to  deprecate. 

A  strut  is  exposed,  in  any  cross-section,   to  a  uniform  compression 

over  the  entire  area,  equal  to =  -T=r>  and  to  a  bending  moment  due 

^  area        F  ° 

to  the  fact  that  the  strut  deflects  and  the  load  does  not  act  along  the  axis, 

this  axis  being  curved.     The  maximum  fiber  stress/,  will  be  the  sum  of 

the  compression  and  of  the  bending  stress,  which  last  we  may  call  .?. 

Then, 

and  must  equal  the  allowable  stress  per  square  inch.     Then  we  have. 

In  the  straight  line  formula, 

-^  =  12  000  —  60  -. 
F  r 

The  reason  why  this  formula  is  incorrect  in  form  is  that  the  term  s 

is  made  constant,  and  independent  of  the  load  P.     That  is  to  say,  the 

fiber  stress,  due  to  bending,  produced  by  the  load  P  is  independent  of 

that  load,  an  obviously  absurd  statement.     In  the  usual  formula  with 

—5-,  s  is  made  to  vary  with  P,  as  it  must,  being  equal  to 


Then  we  obtain. 
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The  only  argument  that  can  be  advanced  in  favor  of  the  straight  line, 
formula  is  that  it  is  slightly  simpler.    "It  is  no  more  accurate,  and  is  not 
as  reliable  when  applied  to  cases  beyond  the  range  of  actual  experiment, 
because  of  its  incorrect  form,  and  there  apjiears  to  the  writer  to  be  on  the 
whole  no  siifficient  justification  for  its  use. 

Mr.  Waddell's  formula  for  wind  struts  ajipears  to  be  jjroposed  because 
in  most  cases  empirical  rules  will  make  it  unnecessary  to  use  it,  and  for 
other  cases  it  is  "just  what  the  computer  needs."      Surely,  scientific 
method,  and  a  due  consideration  of  the  proper  factor  of  safety,  should 
rule  in  deciding  upon  even  a  formula  for  wind  struts.     As  regards  the . 
proportioning  of  inclined  end  posts  for  bending,  due  to  wind  pressure, 
it  is  cei'tainly  incorrect  to  assume  that  the  post  is  hinged  at  its  lower 
end,  and  that  the  moment  at  any  point  is  that  due  to  the  total  wind 
reaction  acting  at  the  foot  of  the  post.     Whether  it  is  correct  to  assume 
the  post  as  absolutely  fixed  at  the  bottom  will  depend  upon  the  ratio . 
between  the  wind  pressure  and  the  vertical  load  upon  the  bridge  ;  but  in 
most  cases  it  is,  in  the  writer's  opinion,  much  more  nearly  correct  to . 
assume  the  end  fixed  than  to  assume  it  hinged.     The  writer  cordially 
agrees  with  Mr.  Waddell's  remarks  as  to  allowing,  in  jjlate  girders,  for 
the  bending  borne  by  the  web.     One  point,  however,  Mr.  Waddell  does . 
not  refer  to,  namely,  that  where  the  web  is  not  considered  as  resisting 
bending,  the  web  splices  are  proportioned  for  the  shear  simply,  and  the 
number  of  rivets  in  such  splices  is  often  so  small  as  to  render  it  certain , 
that  those  near  the  top  and  bottom  are  mixch  overstrained  by  the  bending. 
In  the  writer's  opinion,  every  web  splice  should  have  two  rows  of  rivets . 
on  each  side,  the  rivets  sjiaced  about  3  inches  apart  vertically  in  each 
row. 

Mr.  Waddell's  paper  abounds  in  sensible  remarks,  which  have  not 
been  referred  to,  and  the  principal  points  selected  for  discussion  have 
naturally  been  those  in  which  the  writer's  views  differ  from  his. 

J.  M.  Johnson,  M.  Am.  Soc.  C.  E. — The  use  of  equivalent  uniform 
loads  in  place  of  wheel  concentration  for  the  calculation  of  the  stresses 
in  bridge  members  would  undoubtedly  greatly  lessen  the  labor  of  bridge 
computations,  and,  as  Mr.  Waddell  points  out,  give  results  ditieriug  but 
slightly  from  those  obtained  by  the  method  of  wheel  loads.  I  would  be 
very  much  in  favor  of  any  plan  having  for  its  object  the  abolition  of  the 
various  so-called  standard  engine  loads,  and  the  substitution  of  uniform 
loads  equivalent  to  some  such  series  of  wheel  concentrations  as  i^roiiosed 
by  the  author.  However,  if  any  uniform  system  of  loading  could  be 
agreed  upon  by  engineers,  whether  uniform  loads  or  engine  concentra- 
tions be  adopted,  a  great  step  forward  would  be  made,  and  the  styles 
and  proportions  of  bridges  and  general  details  of  construction  might 
safely  be  left  to  individual  preference. 

I  imagine  that  substantial  agreement  among  engineers  can  only  be 
obtained  upon  the  following  points,  viz, : 
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First. — The  loads  to  which  structures  should  be  subjected. 
Second. — Intensities  of  working  stresses. 
Third. — Kind  and  quality  of  material. 

With  these  points  definitely  settled  and  adopted,  a  i^artial  uniformity 
of  detailing  might  in  time  be  brought  about,  although  it  is  probable  that 
personal  bias  and  dififerencesof  shop  practice  will  continue  largely  to  in- 
fluence such  matters. 

The  loads  prepared  by  Mr.  "NVaddell  seem  suitable,  and  I  would  sug- 
gest no  change.  Although  the  author  has  developed  a  set  of  working 
stresses,  I  fail  to  find  in  his  paper  a  statement  of  the  ultimate  strength 
and  other  physical  data  concerning  the  material  proposed  for  general  use, 
and  in  consequence  the  formulas  could  not  well  be  criticised.  In  my 
judgment  all  specifications  should  contain  requirements,  stating  under 
what  conditions  both  iron  and  steel  could  be  used,  leaving  it  to  the  engin- 
eer to  determine  which  would  be  the  more  suitable  in  any  given  case. 
The  author  leans  very  strongly  toward  steel,  and  i^erhaps  with  reason; 
but  I  would  not  be  inclined  to  accept,  as  he  does,  the  drift  test  as  indi- 
cating where  steel  could  be  substituted  for  iron.  A  quality  of  steel  that 
could  be  subjected  in  thin  sheets  to  any  sort  of  rough  usage  without 
perceptible  injury,  would  probably  have  its  strength  seriously  im- 
paired if  treated  in  the  same  way,  the  thickness  being  increased  to  the 
maximum  of  the  rolls.  When  steel  is  used  in  lieu  of  iron,  in  addition 
to  the  general  physical  and  chemical  requirements,  the  specifications 
should,  in  my  opinion,  contain  a  clause  limiting  the  maximum  thickness 
of  metal. 

CaMj  GATiiER,  M.  Am.  Soc.  C.  E.  — The  question  of  minimum  thick- 
ness of  metal  in  bridge  work  is  imjiortant,  and  from  my  own  experience 
I  would  sti'ongly  advocate  three-eighths  of  an  inch  throughout,  Mr.  Wad- 
dell  is  willing  to  stop  at  five-sixteenths  of  an  inch,  except  where  the  metal 
is  very  much  exposed  to  the  smoke  of  locomotives,  or  for  horizontal  plates 
that  do  not  drain  the  water  off  readily;  he  therefore  concedes  that  a 
minimum  thickness  of  three-eighths  of  an  inch  is  desirable  whei'ever 
smoke  or  rust  is  likely  to  act  on  the  material.  Now  in  most  cases  it  is 
impossible  to  say  beforehand  which  particular  portion  of  a  bridge  will 
or  will  not  be  exjaosed  to  abuse.  If  we  could  be  sure  that  the  metal  work 
of  bridges  would  receive  the  proper  care,  be  regularly  cleaned,  scraped 
and  painted,  the  case  would  be  different;  but  the  fact  is,  that  after  com- 
pletion of  a  bridge  a  careful  attention  to  its  proper  maintenance,  year 
after  year,  is  the  exception,  not  the  rule.  There  are  besides  in  every 
bridge  some  joints  which  are  hard  to  reach  by  the  i)ainter.  Right  here 
might  be  the  j^roper  place  to  call  attention  to  one  feature  of  our  pin- 
connected  bridges  in  which  they  are  at  a  disadvantage  compared  with 
riveted  structures.  At  every  pin  joint  we  have  a  number  of  members — 
bar  heads,  ends  of  posts,  chord  sections,  etc. — which  are  close  to  each 
other  without  being  tight  together;  too  close  to  allow  painting  and  not 
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sufficiently  close  to  prevent  rusting.  In  some  bridges  these  interstices 
have  been  filled  with  impervious  material,  but  in  ninety-nine  cases  out  of 
a  hundred  this  is  not  done.  The  use  of  packing  rings  is  for  this  reason 
also  objectionable,  as  they  prevent  painting  of  the  i^ins,  without  being 
water-tight  enclosures. 

As  far  as  the  additional  cost  is  concerned,  the  following  argument 
seems  to  be  very  forcible:  Any  company  or  corporation  or  municipality 
(for  I  include  highway  bridges  as  well)  which  is  able  and  willing  to  keep 
a  bridge  in  good  condition,  is  also  able  and  willing  to  incur  the  small 
extra  expense  implied  in  the  three-eighth  inch  limit;  where,  however, 
the  available  funds  for  a  new  bridge  are  limited,  it  becomes  doubly  im- 
portant for  the  engineer  to  insist  on  the  same,  as  then  it  is  more  than 
likely  that  the  bridge  after  completion  will  not  receive  the  necessary 
attention.  For  the  above  reasons,  and  taking  also  in  consideration  the 
effect  of  handling  of  the  material  in  the  shop  and  during  shipi^ing  and 
erection,  and  the  slight  increase  of  the  cost,  we  are  justified  in  insisting 
on  a  minimum  thickness  of  metal  of  three-eighths  of  an  inch  in  all  bridge 
■work. 

GusTAV  LiNDENTHAi,  M.  Am.  Soc.  C.  E. — With  increasing  experience 
the  disagreement  among  experts  on  the  subject  of  uniform  live  loads, 
vice  engine  concentrations,  will  probably  disappear.  Mr.  Waddell 
makes  a  timely  and  effective  aj)peal  for  a  simplification  in  the  comi)uta- 
tiou  of  stresses  in  bridges,  and  I  wish  to  endorse  the  reasons  he  gives 
on  this  point.  In  my  own  practice,  if  not  otherwise  obliged,  I  have  for 
years  used  an  uniform  live  load  expressed  by  a  certain  number  of 
pounds  ijer  lineal  foot,  according  to  the  class  of  bridge  I'equired,  and  in 
addition  a  concentrated  load  rolled  over  the  entire  span.  For  instance, 
for  a  heavy  railroad  bridge,  I  assume  a  rolling  load  of  4  000  poiinds  per 
lineal  foot,  and  one  additional  concentrated  load  of  40  000  pounds  on  one 
axle,  and  the  combination  of  these  stresses  would  give  the  maximum 
strains  from  live  load,  including  the  effect  of  impact.  For  lighter 
structures  I  use  3  500  and  35  000  i^ounds  respectively,  and  for  the 
lightest  railroad  bridges  of  normal  gauge  3  000  and  30  000  pounds  re- 
spectively. My  assumptions  give  much  heavier  loads  for  short  spans. 
This  is  as  it  should  be.  Although  we  assume  static  conditions  of  load- 
ing, the  swiftly  moving  loads  at  the  rate  of  60  to  80  feet  per  second 
cannot  be  without  dynamic  effects,  which  we  have  at  present  no  means 
of  estimating.  They  are  more  severe  on  short  spans,  but  the  above  load 
assumptions  give  safe  and  durable  structures. 

While  it  is  highly  desirable  in  the  study  of  bridge  strains  to  have  a 
clear  conception  of  the  action  of  engine  wheel  loads,  and  that  the  com- 
puter be  fully  disciplined  in  the  calculation  of  their  effects,  the  practic- 
ing bridge  engineer  may  well  dispense  with  time  and  energy  wasting 
methods,  which  in  no  wise  furnish  safer  results  in  the  dimensioning  of 
a  bridge.     It  is  one  thing  to  have  the  mathematical  ability  to  analyze 
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strains  with  great  accuracy  if  necessary,  and  another  thing  to  have  the 
good  judgment  to  avoid  unnecessary  work,  when  simpler  methods  give 
results  just  as  reliable,  more  easily  comprehended,  freer  from  possible 
mistakes  in  calculation,  easier  of  checking,  and  more  promising  of 
agreement  by  different  computers  in  the  competition  for  work.  Besides, 
the  assumption  of  engine  concentrations  is  not  even  true  as  representing 
the  actual  facts,  since  the  load  from  the  wheels  is  distributed  through 
stiff  rails  and  through  the  ties  upon  the  stringers  and  floor  beams  in  a 
more  or  less  uncertain  manner.  The  wheel  loads,  by  the  time  they  have 
reached  the  stringers  and  floor  beams,  are  distributed,  and  are  not  the 
single  loads  assumed  to  rest  on  knife  edges,  and  at  the  same  time  moving 
at  the  rate  of  possibly  80  feet  per  second.  I  agree  with  Mr.  Waddell, 
that  such  nice  methods  contrasted  with  the  great  variations  in  unit 
strains,  resemble  very  much  the  "straining  at  a  gnat  and  swallowing  a 
camel."  When  this  is  better  understood  by  railroad  engineers  who 
order  bridges,  the  method  of  computation  by  engine  concentrations  will 
in  practice  become  obsolete. 

Wind  Pressure.— 1  should  like  to  add  to  Mr.  Waddell's  remarks  on 
this  subject,  that  the  lateral  bracing  of  the  bridge  is  more  often  and 
more  severely  strained  by  the  lateral  blows  from  swiftly  moving  engines 
and  cars,  causing  lateral  vibration,  than  from  the  wind  itself.  Wind 
force  acting  on  the  bridge  through  an  elastic  medium  cannot  be  said  to 
cause  impact  strains,  but  the  lateral  bracing  is  nevertheless  subject  to 
the  impact  sti'ains  from  railroad  trains,  causing  violent  lateral  vibration. 
We  have  no  experiments  on  the  force  of  such  lateral  blows  from  trains, 
but  that  they  are  comparatively  severe  will  not  be  disputed  by  any  one 
who  has  had  the  experience  of  standing  on  a  bridge  with  a  fast  train 
rolling  over  it.  In  the  i^roportioning  of  bracing  for  wind  strains,  it  is 
probably  one  of  the  rarest  things  to  calculate  the  lateral  deflection 
resulting  therefrom.  It  would  show  that  most  bridges  of  spans  over 
100  feet  would  deflect  sideways  several  inches.  The  difficulty  of  making 
proper  connections  for  the  lateral  bracing  in  a  pin  connected  bridge,  has 
also  not  yet  been  satisfactorily  solved.  As  a  general  rule,  the  bracing 
ought  to  be  made  of  rigid  members,  taking  compression  as  well  as  ten- 
sion, and  thoroughly  connecting  and  riveting  up  with  the  stringers  and 
floor  beams  to  add  to  its  rigidity. 

Eegarding  "Group  C,"  namely,  "The  Styles  and  Proportions  of 
Bridges,"  the  observations  of  Mr.  Waddell  point  out  the  advantages 
and  disadvantages  of  certain  types,  although  the  improvements  made 
in  this  respect  cannot  yet  be  regarded  as  final.  Formerly  the  bottom 
chord  of  framed  trusses  was  made  of  eye-bars  from  end  to  end  ;  for 
short  spans  these  members  were  very  light,  and  a  great  many  bridges 
exist  of  100-foot  sj^ans  with  six  light  eye-bars  in  the  middle  panels  of 
the  trusses.  After  a  while  the  end  panels  were  made  of  stiffened  eye- 
bars  or  of  riveted  members,  and  in  several  notable  instances  about  one- 
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quarter  of  the  length  of  the  bottom  chord  at  each  end  was  made  of  I'igid 
members,  and  there  is  observable  a  general  tendency  to  iise  heavier  eye- 
bars,  fewer  of  them  and  heavier  jjins.  In  larger  spans  this  tendency 
may  be  carried  to  a  greater  extent  than  is  now  the  practice.  It  is  obvious 
that  it  would  be  better  to  have  two  eye-bars.  12  x  3  inches,  than  six 
eye-bars  8  x  It  inches.  The  former  would  require  heavier  pins,  but 
would  permit  of  more  satisfactory  details  in  the  connections,  the  strains 
would  be  concentrated  into  bulkier  and  stiflfer  members,  the  surface  for 
rusting  would  be  very  much  reduced.  Long  viln-ating  diagonals  should 
be  avoided,  and  in  important  bridge  structures,  all  eye-bar  diagonals 
should  be  stifteued  by  bracing  between  them. 

The  time  is  fast  approaching  when  buckle-plate  floors  with  stone 
ballast  will  be  used  in  place  of  the  present  floor  system  consisting  of 
oak  ties  and  wooden  guard  rails.  The  buckle-plate  floor  and  stone 
ballast  need  not  weigh  more  than  the  oak  ties  and  wooden  guard  rails. 
It  would  add  greatly  to  the  lateral  rigidity  of  the  bridge,  the  gravel  on 
top  taking  the  noise  out  of  the  structure.  The  rails  could  be  put  in 
iron  troughs  to  effectually  prevent  derailment.  Re-railing  devices  and 
, collision  i)iles  near  the  end  of  the  bridge  should  be  added  as  an  effectual 
protection  against  failure  by  derailment. 

On  the  subject  of  "Intensities  of  Working  Stresses,"  which  is 
"Group  D"  of  Mr.  Waddell's  paper,  agreement  may  not  easily  be 
reached.  Mr.  Waddell  maintains  that  mild  steel  will  in  the  future  be 
used  exclusively  for  all  metal  railway  bridges,  because  it  is  i^raetically 
as  cheap  as  wrought  iron  and  fully  as,  or  more  reliable.  In  this  respect 
the  bridge  engineer  is  deiiendent  on  the  progress  in  the  metallurgical 
arts  of  making  wrought  iron  and  steel.  The  improvements  of  the  last 
ten  years  were  altogether  in  the  manufacture  of  steel,  and  none  in 
that  of  wrought  iron,  which  is  still  made  by  the  old  laborious  and  costly 
process  of  hand  puddling.  But  the  time  does  not  seem  to  be  far  distant 
when  wrought  iron  will  be  made  by  some  improved  metallurgical 
process  in  larger  masses  and  at  a  great  deal  cheai^eued  cost,  and  it  would 
not  be  difficult  now  to  predict  whether  wrought  iron  or  mild  steel  in 
that  case  would  be  more  largely  used.  In  the  use  of  steel  for  structural 
purposes,  the  i^reponderance  is  that  made  by  the  Siemeu's-Martin  ojDen 
hearth  process  as  against  the  Bessemer  made  steel.  The  mild  steels 
will  probaT>ly  always  be  used  for  plates  and  for  heavy  members  made 
of  large  single  pieces  of  metal. 

Mr.  Waddell  speaks  of  fatigue  in  metal  and  of  the  wearing  effect  of 
oft- repeated  loads.  I  believe  that  this  theory  is  based  on  tests  which  have 
no  relation  to  the  nature  of  strains  in  a  bridge.  Particularly  the  theory 
of  fatigue  in  metal  seems  to  be  more  romantic  than  true.  If  bridges 
were  built  to  be  overstrained,  we  could  with  some  show  of  reason  sjDeak 
of  physical  changes  as  likely  to  result  from  the  overstraining  of  metal. 
But  I  cannot  see  how  metal  can  be  fatigued,  or  in  any  way  afifected  by 
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strains  so  far  within  the  elastic  Hmit.  There  is  so  far  not  the  slightest 
evidence  for  it.  With  ample  allowance  for  impact  in  certain  biidge 
members,  I  believe  that  uniform  unit  strains  can  safely  be  used  through- 
out for  members  of  ordinary  spans  and  modified,  respectively,  for  tension 
or  for  compression.  It  simplifies  the  method  of  dimensioning  very 
much.  All  compression  members  in  a  bridge  should  be  assumed  pin 
bearing  at  both  ends,  because  in  practice  the  conditions  for  fixed  end 
bearings  cannot  be  realized  with  certainty.  The  formula  for  com- 
pression, based  on  the  equation  of  a  straight  line,  is  all  sufficient  for 
bridge  work,  as  most  practicing  engineers  will  acknowledge. 

I  firmly  believe,  that  if  ever  breaking  tests  were  made  with  full  sized 
pin  connected  trusses,  failure  would  result  from  the  collapse  of  the 
comjaression  members  long  before  any  tension  member  would  fail.  In 
other  words,  the  factor  of  safety  (to  use  this  convenient  if  incorrect 
term)  would  be  found  to  be  less  in  compression  members  than  in  the 
tension  members.  This  ought  to  caution  us  not  to  go  beyond  a  mod- 
erate ratio  of  ■ — .     It  should  not  exceed  50.     It  always  seemed  to  me, 

that  in  many  of  the  high  trestle  viaducts,  the  long  slender  columns  are 
of  meagre  safety,  although  we  may  show  a  theoretical  justification  for 
so  scantily  dimensioning  these  structures.  We  are  taking  chances, 
perhaps  not  big  chances,  but  still  chances,  that  we  do  not  take  with 
tension  members.  A  slight  lateral  force  from  wind,  from  a  flying  tree 
branch,  or  slight  defects  in  riveting  uiJ  the  composite  pieces  of  a  col- 
umn, may  reduce  the  safety  in  such  a  member  far  beyond  what  it  is  cal- 
culated for.     For  this  reason  I  should,  as  mentioned  before,  make  it  a 

rule  to  use  as  low  a  ratio  of  —  as  possible.     In  regard  to   other    unit 

strains,  the  designer  will  find  it  necessary  and  proper  in  longer  span 
bridges,  say  over  400  feet,  to  deviate  from  hard  and  fast  rules  of  dimen- 
sioning and  to  exercise  his  best  judgment  for  the  sake  of  economizing 
metal.  The  difference  between  members  having  to  sustain  large  dead 
load  strains,  and  others  with  no  such  strains;  or  between  members  with 
cumulative  strains  and  members  subject  to  sudden  strains,  cannot  be 
expressed  by  any  arbitrary  rule  or  formula  for  dimensioning.  In 
larger  structures  it  is  necessary  to  discriminate  and  to  use  skilled  judg- 
ment for  that  purpose.  In  this,  as  well  as  in  the  designing  of  details 
and  connections,  the  aptitude  of  the  best  designers  will  gradually  bring 
about  a  certain  uniform  practice  which  at  i^resent  does  not  exist, 
although  we  are  ajiproaching  it. 

William  H.  Bure,  M.  Am.  Soc.  C.  E. — Mr.  Waddell's  adverse  criti- 
cism of  the  use  of  engine  concentrations  in  the  calculation  of  stresses  in 
bridge  trusses  is,  I  think,  well  grounded.  The  amount  of  labor  involved 
in  the  determination  of  stresses,  with  the  almost  infinite  number  of  dif- 
ferent sets  of  concentrations  and  wheel  spacings  which  are  used  in  the 
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formation  of  the  diagrams  usually  i)rescribecl  by  railroad  engineers  for 
the  governing  of  their  bridge  designs,  is  certainly  most  excessive  for  even 
the  best  of  comiJuters,  except,  possibly,  nov?'  and  then  one  with  a  most 
rare  mental  equipment.  Even  this  requirement  of  excessive  labor  might 
be  borne  with  some  i^atience  and  equanimity,  if  the  resulting  computa- 
tions were  entitled  to  any  greater  degree  of  confidence;  but  as  a  matter 
of  fact,  every  engineer  knows  that  locomotive  concentrations  and  wheel 
spaciugs  for  the  engines  actually  constructed  upon  any  one  given  road 
will  vary  from  season  to  season,  or  even  perhajas  in  the  same  season; 
hence  if  any  standard  engine  or  set  of  standard  engines  be  prescribed 
with  wheel  weights  to  the  pound  and  Avheel  concentrations  to  the  hun- 
dredth of  a  foot,  it  is  almost  a  certainty  that  no  locomotive  will  ever  pass 
over  that  road  and  produce  the  same  stresses  as  that  shown  with  such 
extraordinary  accuracy  in  the  specifications.  It  is  extremely  probable 
that  within  a  short  time  after  the  issue  of  the  specifications  the  load 
shown  will  be  considerably  exceeded,  and  just  why  stresses  which  are 
absolutely  certain  to  be  considerably  in  error  should  be  computed  with 
such  distressing  accuracy,  is  not  very  clear. 

Again,  if  it  were  among  the  possibilities  that  the  bridges  of  any  road 
should  carry  precisely  the  locomotives  prescribed  in  the  specifications, 
it  is  an  absolute  certainty  that  the  variations  in  track  conditions  from 
one  portion  of  a  season  to  another  portion  of  the  same  season,  under  the 
rapid  passage  of  trains,  will  jjroduce  vastly  greater  variations  from  the 
stresses  so  accurately  demanded,  than  those  cominited  from  a  simple 
uniform  load  or  from  the  latter,  headed  by  a  single  concentration. 
Again,  the  sections  of  members  designed  to  meet  the  requirements  of  a 
given  stress  diagram  are  never  mathematically  equal  to  the  total  stresses 
divided  by  the  unit  stress;  nor  is  it  of  the  slightest  consequence  that 
they  do  so  vary;  and  it  is  not  infrequent  that  the  percentages  of  such 
variations  ai'e  considerably  greater  than  the  variations  of  stresses  due  to 
a  uniform  load  from  those  produced  by  concentrations.  It  is  there- 
fore most  unreasonable  and  most  unscientific  that  such  refined  and 
determined  efforts  should  be  made  to  secure  extraordinary  accuracy  in 
one  direction,  only  to  be  comi^letely  obliterated  and  displaced  by  very 
considerable  but  absolutely  unavoidable  errors  or  inconsistencies  in  other 
directions. 

It  is  to  he  hoped  that  the  observations  of  Mr.  "Waddell  will  induce 
engineers  to  give  this  matter  of  liridge  loading  that  thorough  and  com- 
mon sense  treatment  which  it  has  never  yet  received,  and  withoiit  which 
numbers  of  long-sulfering  bridge  companies'  offices  have  endured  xintold 
torments  of  excessive  computation.  Nothing  is  to  be  gained  by  this  fig- 
ment of  ridiculous  refinement;  in  fact,  much  is  to  be  gained  by  its  rele- 
gation to  obscurity.  A  solacing  memory  will  always  be  preservect  for 
its  admirers  by  the  awe-inspiring  literature  which  Mr.  Waddell  has 
pointed  out,  and  which  has  been  written  to  show  what  splendid  mathe- 
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matical  gymnastics  can  be  performed  in  its  treatment.  But  it  can  be 
confidently  asserted  that  no  single  structure  has  ever  been  made  a  shade 
better  for  its  purpose,  or  more  creditable  in  its  design  by  the  use  of  the 
method. 

I  do  not  concur  with  Mr.  Waddell  in  his  suggestion  of  displacing  this 
over-refinement  by  what  seems  to  me  to  be  another  almost  if  not  quite 
as  bad.  If  equivalent  uniform  loads  are  to  be  used,  then  some  estab- 
lished position  or  condition  of  the  engine  concentrations  must  be  as- 
sumed iu  reference  to  the  trusses  to  which  they  are  to  be  applied,  and 
the  load  equivalent  to  them  thus  placed  be  found;  or  else  there  will  be 
numberless  equivalent  uniform  loads  to  be  determined  for  each  locomo- 
tive system.  As  a  matter  of  fact,  there  is  no  such  thing  as  an  equivalent 
uniform  load  for  a  given  system  of  locomotive  concentrations  followed 
by  a  uniform  train  load.  Every  position  of  the  latter  load  for  every  dif- 
ferent shear  and  every  different  chord  stress  in  a  given  structure  has  its 
corresponding  load;  that  is,  such  a  uniform  load  as  will  produce  the  same 
shear  or  the  same  bending  moment  as  the  system  of  engine  concentra- 
tions for  the  position  in  question.  It  is  true,  as  Mr.  Waddell  observes, 
that  such  an  equivalent  uniform  load  may  be  found  as  w-ill  make  all  the 
truss  stresses  for  a  given  bridge  vary  not  more  than  2  or  3  per  cent, 
from  those  caused  by  the  concentrated  load,  but  a  simple  uniform  load, 
with  a  single  weight  at  its  head  equivalent  to  the  engine  excess  or  ex- 
cesses, will  produce  a  system  of  stresses  with  at  least  the  same  degree  of 
accuracy,  and  will  thus  avoid  the  tedious  comjjutation  of  an  equivalent 
uniform  load. 

I  see  no  reason  why  Mr.  Waddell  should  not  go  one  steji  further  and 
abolish  the  equivalent  uniform  load  at  the  same  time  that  he  relegates 
the  engine  concentrations  to  uselessness.  The  engine  or  engines  which 
are  taken  at  the  head  of  any  prescribed  moving  load  will  give  a  certain 
excess  over  an  equivalent  length  of  uniform  train  load.  Now,  if  this  ex- 
cess, considered  as  a  single  weight,  be  placed  at  the  center  of  gravity  of 
the  locomotive  or  locomotives,  the  resulting  truss  stresses  will  be  essen- 
tially identical  with  those  caused  by  the  actual  prescribed  locomotives 
and  train.  But  if,  instead  of  taking  the  trouble  to  find  by  computation 
the  center  of  gravity  of  the  locomotive  or  locomotives,  we  place  this  ex- 
cess as  a  single  weight  at  the  head  of  the  train,  we  shall  make  a  very 
slight  error  only  on  the  side  of  safety  for  all  the  web  members,  and  an 
equally  small  error  also  on  the  side  of  safety  for  the  chord  members,  if 
we  place  the  uniform  load  over  the  whole  bridge  and  then  place  the  sin- 
gle weight  iu  succession  at  all  the  panel  jjoints  of  the  span.  I  say  place 
this  excess  at  "  all  the  panel  points  of  the  span,"  for  the  reason  that  in 
all  .cases  the  locomotives  ought  to  be  preceded  and  followed  by  the  uni- 
form train  load,  although  this  is  not  often  done.  If  it  is  not  done,  an 
actual  condition  of  loading  is  ignored,  and  the  resulting  error  is  on  the 
side  of  danger. 
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All  the  computations  required  for  the  truss  stresses  with  such  a  uni- 
form load  and  a  single  excess,  as  is  here  advocated,  involve  only  the 
simplest  possible  stress  computations,  which  can  be  done  with  great 
rapidity  by  :iny  one  who  has  even  a  slight  knowledge  of  the  rudiments 
only  of  the  theory.  It  is  rational  and  scientific  in  that  the  locomotive 
excess  is  recognized  and  provided  for  in  its  proper  position  ;  at  the 
same  time,  every  possible  degree  of  accuracy  which  can  be  attained  by 
any  system  of  computation  is  also  secured.  Finally,  it  avoids  entirely 
the  necessity  of  com^juting  the  purely  imaginary  quantity  called  the 
"equivalent  uniform  load."  If  there  is  any  valid  objection  to  the  uni- 
form load  with  a  single  excess  found  in  the  manner  indicated,  I  have  not 
yet  been  able  to  discover  it,  and  I  have  never  heard  it  advanced. 

In  the  preceding  discussion  I  have  confined  myself  to  truss  stresses 
only,  as  it  seems  to  me  that  a  system  of  concentrations  should  be  pro- 
vided for  the  design  of  the  stringers  and  floor  beams  of  a  railway  bridge. 
I  do  not  believe  it  is  necessary  to  prescribe  actual  locomotive  diagrams 
for  such  a  purpose,  although  even  such  a  diagram  does  not  involve  an 
unreasonable  amonnt  of  labor  for  the  purposes  of  the  short  plate  girders 
of  a  railway  bridge  floor  system.  I  should  say  that  the  essential  jDur- 
poses  of  any  system  of  locomotive  concentrations  can  be  secured  by  a  set 
of  weights,  three  or  four  in  number,  as  the  case  may  be,  which,  while 
ar!)itrary  to  a  certain  extent,  can  be  made  easily  equivalent  to  the  gen- 
eral type  of  locomotives  in  use  on  any  given  road.  I  do  not,  however, 
consider  this  feature  of  bridge  computations  a  very  important  one.  The 
calculations  involved  for  a  floor  system  under  any  system  of  locomotive 
concentrations,  may  be  considered  as  too  small  in  amount  to  merit  any 
very  serious  discussion.  It  would  simply  render  complete  any  simijlifi- 
cation  for  bridge  loads  by  using  some  such  arbitrary  system  of  weights 
as  I  have  just  indicated. 

I  heartily  endorse  all  that  Mr.  Waddell  states  in  regard  to  the  use  of 
steel.  Whether  it  wiH  be  the  material  to  be  used  in  all  bridge  spans, 
both  short  and  long,  is  simply  a  question  of  cost.  Whenever  a  short 
span  steel  bridge  can  be  produced  at  the  same  or  less  cost  than  one  of 
wrought  iron,  the  steel  will  certainly  displace  the  latter.  I  am  aware 
that  my  confidence  in  the  use  of  steel  is  not  shared  by  many  members  of 
the  Society,  but  I  am  forced  to  my  convictions  by  my  experience  with 
the  metal.  I  have  frequently  subjected  steel  plates  and  rivets  to  almost 
every  conceivable  manner  of  abuse  by  hammering  at  blue  heat  and  when 
cold,  with  the  invariable  result  of  increasing  my  confidence  in  and  re- 
spect for  the  metal.  I  am  now  speaking  of  steel  with  an  ultimate 
resistance  of  not  over  65  000  pounds  per  square  inch,  produced  by  the 
oi^en  hearth  process,  and  with  phosphorus  not  more  than  about  six  or 
seven  hundredths  per  cent.  It  is  true  that  I  have  seen  counter-sunk 
heads  torn  ofi"  by  a  very  dull  flogging  chisel  under  the  blows  of  heavy 
sledges,  but  I  have  also  seen  the  best  wrought  iron  rivets  torn  oft"  in  the 
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same  way  with  a  considerably  less  number  of  blows  from  the  same 
sledges. 

The  processes  for  producing  structural  steel  are  now  so  completely 
under  control  that  it  may  be  produced  with  the  same  uniformity  as,  or 
greater  than,  that  of  wrought  iron,  in  the  same  shapes  or  bars.  The 
effects  that  are  liable  to  be  produced  by  the  various  stages  of  shop  pro- 
cesses, and  their  influences,  are  so  well  understood  at  the  j^resent  time 
that  I  know  of  no  reason  why  steel  members  should  suifer  under  them 
any  more  than  those  of  wrought  iron;  and  numberless  experiments  upon 
the  effect  of  punching,  have  shown  that  structural  steel  of  the  grade  de- 
scribed is  less  injured  than  the  best  of  wrought  iron  used  for  structural 
purposes.  It  is  true  that  cracks  must  be  guarded  against,  for  when  once 
started,  if  they  receive  no  further  attention,  their  limits  are  indetermin- 
ate ;  but  it  is  quite  true  that  no  jDrocess  of  shearing  or  punching  with 
tools  in  anything  like  respectable  condition  will  start  such  cracks,  and 
it  is  not  by  any  means  difficult  to  discover  them,  even  when  punching 
or  shearing  abuse  has  brought  one  into  existence. 

In  the  miscellaneous  exigencies  of  railway  and  machinery  piactice  it 
has  been  found  that  when  a  metal  is  demanded  that  shall  possess  the 
longest  life  under  the  most  severe  loading  and  use,  wrought  iron  must 
be  displaced  and  steel  used  ;  and  the  results  of  my  experience  have  con- 
vinced me  that  resort  may  be  wisely  made  to  the  same  material  of  proper 
grade  in  bridge  construction.  If  the  so-called  mysterious  fractures 
which  occur  in  wrought  iron,  and  in  the  best  grades  of  that  material, 
were  as  much  talked  about  and  as  thoroughly  written  up  as  those  occa- 
sional ones  in  steel,  I  have  no  doubt  that  general  confidence  in  the  latter 
material  would  be  much  less  impaired  than  it  is  at  present.  I  have 
known  so  many  failures  of  wrought  iron  members  for  various  puiposes 
which  certainly  ought  to  be  put  in  the  same  category  as  those  so-called 
"mysterious  failures"  in  steel,  that  I  think  fibrous  wroiaght  iron  must 
be  classed  as  at  least  as  uncertain  as  homogeneous*  steel.  It  matters  little 
whether  from  the  producer  or  the  puddling  furnace,  to  the  finished 
bridge  member,  steel  or  iron  requires  the  greater  amount  of  inspection  ; 
in  either  case  only  the  most  ordinary  and  reasonable  scrutiny  is  required. 

The  subject  of  permissible  working  stresses  for  steel  is  one  which 
can  scarcely  be  properly  covered  within  the  limits  of  this  discussion; 
but  I  would  say  apjiroximately  that  for  the  grade  of  structural  steel 
under  consideration,  the  working  stresses  should  not  be  more  than  20  to 
25  per  cent,  in  excess  of  those  for  wrought  iron.  The  views  of  wind 
pressure  and  resulting  stresses  taken  by  Mr.  Wad  dell  strike  me  as  being 
a  little  too  severe.  Strictly  speaking,  we  know  actually  nothing  of  the 
quantitative  characteristics  of  wind  pressure  on  large  surfaces,  but  we 
have  every  reason  to  believe  that  they  are  much  less  than  ordinarily  as- 
sumed in  bridge  specifications.  '1  he  only  possible  exception  to  this 
statement  is   that  of  the  pressiare  of  the  most  intense  cyclones  ;  and 
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even  in  such  cases  the  highest  jjressures  probably  do  not  cover  more 
than  a  portion  of  the  surface  enclosed  in  the  outline  of  a  truss  500  feet 
in  length. 

I  think  the  suggestion  to  stiffen  the  two  lower  chord  end  panels  at 
each  end  of  a  si)an,  is  one  that  should  be  followed;  but  I  do  not  believe 
it  is  correct  to  consider  the  end  post  in  the  computation  of  jiortal  stresses 
as  resting  upon  a  pin  at  its  lower  end.  It  may  not  be,  and  i^robably.  is 
not,  strictly  a  flat  end  column,  but  it  is  quite  certain  that  it  is  not  a  pin  epd 
column,  I  believe  it  to  be  much  nearer  the  former  than  the  latter,  and 
would  so  consider  it  in  all  cases,  as  being  a  suflSciently  close  approxima- 
tion. I  believe  also  that  so  long  as  the  wind  stresses  in  the  lower  chords 
of  bridges  do  not  exceed  three-eighths  of  those  caused  by  the  fixed  and 
moving  load,  they  may  be  neglected.  In  computing  these  stresses,  how- 
ever, for  the  reasons  already  given,  it  does  not  seem  to  me  essential  to 
consider  the  transferred  truss  and  moving  loads,  either  for  the  stringers 
or  the  lower  chords.  The  ordinary  method  of  designing  stringers  and 
floor  beams,  gives  a  sufficient  margin  of  safety  over  and  above  the  nom- 
inal working  stresses  to  provide  for  any  excess  due  to  transferred  loads 
1  from  wind  pressures;  and  although  the  method  is  not  strictly  scientific, 
it  involves  no  appreciable  w-aste  of  metal,  is  sufficiently  near  for  practi- 
cal purposes  and  avoids  useless  refinement  and  complication.  Regard- 
ing the  wind  loads  in  the  upper  chords  or  trusses,  I  can  see  no  improve- 
ment over  considering  them  carried  by  the  upper  lateral  bracing  directh" 
to  the  portals,  and  through  the  portal  posts  to  the  wall  plates. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E.— The  title  of  Mr.  Waddell's  paper  is 

somewhat  of  a  misnomer,  inasmuch  as  many  of  the  points  considered 

are  not  disputed.     I  intend,  only  in  discussion,  to  briefly  state  my  own 

opinion  regarding  a  few  of  those  points  ujion  which  I  do  not  agree  with 

him.     The  question  of  using  equivalent  live  loads,  considered  as  uni- 

!  formly  distributed,  might,  in  some  cases,  simplify  computations;  and 

might  not  be  objectionable  if  we  were  sure  that  the  computation  of 

■  stresses  would  always  be  performed  by  competent  men,  who  would  care- 

;  fully  watch  all  changes  in  distribution  of  live  loads  and  estimate  the 

I  proper  uniform   equivalents.      But  much   of  the   success  which   has 

I  attended  American  bridge  engineering,  has  been  due  to  men  who  were 

I  willing  to  devote  the  labor  necessary  to  following  through,  in  detail, 

the  stresses  produced  by  the  various  distributions  of  the  live  loads;  and 

it  will  be  an  unfortunate  condition  w-hich  shall  drive  such   men  from 

this  work,  until  we  have  arrived  at  more  permanence  in  the  various 

classes  of  loads,  and  construction  has  reached  a  point  at  which  further 

I  improvement  is  not  needed.     That  point  is  not  yet  in  sight,  and  more 

I  hard  work  will  be  necessary  before  we  reach  it.     "When  Mr.    Waddell 

comes  to  the  subject  of  "wind  pressure,"  he  a^jpears  to  have  adojDted  a 

'  more  comi)lex  treatment.     Here  we  are  dealing  with  a  force  whose  eflect 

upon  surfaces  of  large  extent  we  have  no  means  of  accurately  ganging. 
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and  it  is  difficult  to  see  how  a  suitable  gauge  can  be  constructed.  But 
ifc  is  safe  to  assume  that  rules  regarding  it  which  have  jjroved  safe  duriug 
the  years  that  they  have  been  in  use,  will  continue  to  be  so  ia  the  future. 

As  to  the  styles  and  proportions  (  f  bridges,  there  are  several  forms  of 
truss  Avhich  have  given  good  results.  The  riveted  lattice  can  be  made 
very  efficient,  and  in  its  construction  there  appears  to  be  no  objection 
to  multiple  triangulation.  The  Pratt  truss,  with  vertical  intermediate 
and  inclined  end  posts,  has  iTndoubtedly  met  with  the  greatest  favor  for 
railroad  bridges.  It  gives  reasonable  simplicity  of  construction  and 
promptness  of  erection.  In  aiTanging  the  trusses  my  jDreference  is  for 
single  triangulation,  and,  within  reasonable  limits,  to  use  as  long  panels 
as  the  length  and  dejjth  of  sj^an  and  proper  inclination  of  the  diagonals 
will  allow.  In  this  connection  it  does  not  appear  clear  why  Mr. 
Waddell  proposes  to  increase  the  width  of  the  body  of  the  lower  chord 
eye-bar,  as  he  increases  the  length  of  the  jianel.  As  the  span  is  increased 
it  is  necessary  to  use  larger  bars  to  avoid  too  great  length,  in  jDroportion 
to  diameter,  of  pin.  But  there  is  no  economy  in  attempting  to  make  the 
bar  act  as  a  beam  in  sustaining  its  own  weight.  The  nearer  it  can  come 
to  assuming  the  catenary  due  to  its  own  weight  and  the  tensile  stress 
upon  it,  without  acting  as  a  beam,  the  better.  Stiff  lateral  diagonals 
doubtless  give  greater  lateral  rigidity  to  the  track  floor,  and  if  secured 
to  the  lower  flanges  of  the  track  stringers  where  they  intersect  them,  are 
economical.  It  is  desirable,  as  far  as  possible,  to  have  the  lines  of  the 
diagonals  pass  through  the  intersections  of  the  axes  of  posts  and  chords. 
But  it  is  difficiilt  to  accomplish  this  where  eye-bar  chords  are  used — 
practically,  it  is  apparently  impossible.  Stiff  or  riveted-up  chords 
lend  themselves  to  this  purpose  more  readily,  and  in  spans  up  to  175 
feet,  where  often  the  end  panel  and  that  next  to  it  are  made  stiff",  it 
might  be  well  to  consider  the  advisability  of  making  the  chord  stiff 
throughout. 

The  susi^ending  of  the  floor  beams  of  iron  truss  bridges  under  the 
lower  chord  is  objectionable  generally,  though  in  the  case  of  draw- 
bridges it  has  the  advantage  of  allowing  the  lower  chords  to  have  nearly 
as  great  exposure  to  the  direct  rays  of  the  sun  as  the  upper,  and  thus, 
in  a  measure,  preventing  t'.ie  diurnal  fluctuations  of  the  elevations  of 
the  ends.  The  spaces  between  center  lines  of  iron  or  steel  track  stringers 
is  important.  If  too  near  together,  they  are  not  only  dangerous  in  case 
of  derailment,  but  the  rolling  tendency  of  the  locomotive  when  laboring, 
and  of  the  cars  from  wind  pressure,  subjects  them  to  a  greater  stress 
than  is  often  taken  into  account.  My  own  practice  is  to  place  them  7 
feet  apart.  Regarding  their  fastening  to  the  beams,  I  have  never  known 
any  to  get  loose  when  secured  to  the  beam  webs  in  the  usual  manner 
with  a  sufficient  number  of  rivets.  If  the  stringers  have  a  sufficient 
depth,  the  curvature  of  their  deflection  will  not  exceed  that  of  the  span 
sufficiently  to  produce  any  serious  stress  upon  the  connecting  angles. 
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In  re-enforcing  the  upper  flanges  of  transverse  beam?,  where  the 
tops  of  the  stringers  are  below  the  tops  of  the  beams,  I  have  sometimes 
used  a  piece  of  channel  with  trough  side  up,  and  its  web  riveted  to  the 
beam  flange,  instead  of  a  cover  plate,  and  laid  a  piece  of  timber  in  the 
trough,  with  its  upper  surface  level  with  that  of  the  cross-tics.  This 
L;ives  less  thickness  to  rivet  through,  gives  greater  lateral  stiifness  to  the 
ilauge,  and  permits  of  leaving  a  space  between  the  beam  and  the  nearest 
cross-tie  on  each  side. 

The  intensity  of  unit  stresses  is  an  important  one.  It  would  be  still 
•iiore  so  if  we  had  arrived  at  a  maximum  intensity  of  live  load,  but  at 
inesent  a  small  unit  stress  for  the  live  load  appears  desirable,  for  the 
reason  that  we  may  reasonably  anticipate  that  increasing  intensity  of  the 
live  loading  will  make  its  unit  stress  large  enough  in  the  near  future; 
and  if  we  can  deceive  ourselves  into  the  belief  that  a  very  small  unit 
stress  for  the  live  load  in  jiroportion  to  that  for  the  dead  load  is  neces- 
sary, our  bridges  will  last  the  longer  for  it. 

All  these  questions  are  so  interesting,  and  so  many  of  us  have  learned 
to  look  forward  to  continued  growth  in  knowledge  regarding  them,  that 
we  cannot  avoid  hoiking  that  their  final  settlement  for  all  time  may 
not  be  so  near  as  the  final  clause  of  Mr.  Waddell's  paper  appears  to 
indicate. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E.— It  would  seem  that  Mr.  Waddell 
has  made  out  a  satisfactory  case  against  the  further  use  of  wheel  load 
systems  in  the  designing  of  simple  railway  truss  bridges.  Although  the 
technical  schools  have  not  in  any  way  been  responsible  for  the  introduc- 
tion of  these  laborious  methods,  they  have  tried  faithfully  to  adapt  the 
instruction  in  this  branch  of  engineering  to  the  requirements  of  actual 
shop  practice,  and  are  therefore  largely  responsible  for  the  great 
elaboration  of  many  of  the  details  and  graphical  expedients  which  now 
are  recognized  as  essential  features  of  them.  The  professors  in  these 
schools  will,  however,  welcome  a  return  to  shorter  and  simpler  processes 
if  they  can  be  shown  to  give  satisft^ctory  results.  The  two  yjars  which 
our  engineering  schools  can  give  to  imjaarting  strictly  professional 
instruction  should  be  reserved,  as  far  as  jsossible,  for  the  teaching  of 
principles,  and  as  little  time  given  to  methods  as  is  consistent  with  a 
fair  degree  of  efficiency  in  field  and  office  on  graduation. 

An  entire  abandonment  of  the  concentrated  wheel-loads  processes 
would  result  in  a  considerable  saving  of  time,  which  might  be  more  prof- 
itably spent  in  the  further  study  of  principles.  It  has  been  the  writer's 
custom  to  i^rove  theoretically  to  his  classes  that  if  a  uniform  loading  be 
taken,  giving  the  same  bending  moment  as  the  wheel  loads  at  the 
"quarter  jjoint,"  or  at  the  joint  nearest  to  this  i)oint,  the  resulting 
stresses  in  all  members  will  very  closely  approximate  to  those  from  the 
actiTal  wheel  loads  moved  across  the  bridge.  Mr.  Waddell's  table  on 
page  11  is  a  further  jjroof  of  this  fact.     Omitting  his  100-foot  truss  span, 
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of  four  panel  lengths,  as  being  too  short  for  such  a  comparison  of 
methods,  but  taking  his  other  lengths  up  to  300  feet,  we  have: 


Load. 

150-foot 
Span. 

200-foot 
Span. 

250-foot 
Span. 

300- foot 
Span. 

3215 
3214 

3151 
3120 

3112 
3107 

3085 

Unit  load  at  quarter  point 

3091 

0.2  per  cent. 

0.3 per  cent. 

It  would  appear,  therefore,  that  the  "  quarter  point"  might  well  be 
taken  as  the  point  at  which  to  compute  an  equivalent  uniform  load, 
giving  the  same  bending  moment  as  the  maximum  moment  from  con- 
centrated or  wheel  loads.  The  equivalent  uniform  load  per  foot  for 
this  position  is 

32  il/  ^^. 

where  7n  =  maximum  moment  at  the  exact  quarter  point  for  wheel  loads. 
This  equation  to  be  used  where  the  number  of  panels  is  a  multiple  of  four. 
If  the  quarter  point  does  not  fall  at  a  jjanel  jjoint,  or  when  the 
number  of  panels  is  not  a  multiple  of  four,  then  take  the  nearest  laanel 
point,  preferably  that  one  towards  the  center  from  the  quarter  point, 
and  use  the  following  equation: 

.=  ^^.   J^ (2) 

m  [n — in)  p.^ 

where    to  =  equivalent  uniform  load  per  foot. 
n  =  number  of  panels  in  bridge. 

m  =  the  number  of  the  panel  point  taken,  counting  fuom  the 
near  end  and  calling  the  end  support  zero. 
M„^  =  maximum  moment  at  the  mth  joint  for  the  concentrated  i 
wheel  loads. 
p  =  panel  length  in  feet. 
Equation  (2)  reduces  to  the  form  given  in    (1)  when  n  is  a  multiple 
of  four. 

Floor  Beam  Concentrations. — Mr.  Waddell  seems  to  have  never  read  . 
Professor  Swain's  jjaper  on  "Stresses  in  Bridges  "  in  the  Transacti(ni^\ 
Am.  Soc.  C.  E.,  Vol.  XVII,  where,  on  page  37,  the  methods  of  finding 
floor-beam   concentrations  from  the  equivalent   uniform  loads,    redis- 
covered by  Mr.  Waddell,  is  fully  explained. 

Fiber  Stress  in  Eye-bars  from  their  own  Weight. — Mr.  Waddell,  in 
common  with  many  other  bridge  engineers,  opposes  the  use  of  long 
shallow  bars  because  of  the  unknown  fiber  stresses  caused  by  the  dead 
weight  of  the  bar.  This  is  an  interesting  question,  and  so  far  as  the 
writer  is  aware  it  has  not  been  investigated.  When  an  eye-bar  is  pulled 
to  its  working  limit,  it  is  still  bent  downwards  by  tlie  full  force  of 
gravity  upon  it.  But  when  it  sags  from  a  straight  line,  the  pull  on  the 
bar,  as  well  as  the  bending  stresses,  tend  to  hold  it  straight.     There  are. 
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therefore,  two  external  forces  acting  on  tlie  bar,  one  tending  to  deflect  it 
aiitl  the  other  tending  to  hold  it  straight.  The  residual  bending  moment 
is  lield  in  equilibrium  by  the  resulting  moment  of  resistance  in  tlie  bar. 
If  a  section  be  taken  at  the  center  of  the  bai*,  we  Lave — 


But 


~  24    Eh 
whence  we  have — 


Wt' 


Pv  = 


fhlr 
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wliere  w  =  weight  of  bar  per  inch. 
I  =  length  in  inches. 
P  =  total  pull  on  bar. 
V  =  deflection  of  bar  at  center. 
/  =  fiber  stress  due  to  this  deflection. 
h  =^  breadth  of  bar. 
li  =  height  of  bar. 
w  =  28  bh 

P  =  phh,  where  p  =  working  tensile  stress  on  eye-bar. 
5     ff 


(3) 


where  E  =  modulus   of   elasticity  =  28  000  000; 


/  = 


4  700  OOOh 


(4) 


p  +  22  400  000  Cy^  " 

If,  in  this  equation,  the  first  difi'erential  co-efficient  of /with  resjiect 
to  h  be  put  equal  to  zero,  we  obtain,  for  the  depth  of  bar  giving  maxi- 
mum fiber  stresses — 

^'-Tko^^~ (^^ 

If  this  value  of  h  be  substituted  in  Equation  (4)  we  have,  for  the  maxi- 
mum fiber  stresses  for  those  depths  given  in  Equation  (5) — 

500/ 
/  max.  =  — = (6) 

From  Equations  (5)  and  (6)  the  following  table  of  depths  giving  maxi- 
mum fiber  stresses,  and  the  corresponding  stresses  per  square  inch  on 
the  extreme  fiber,  due  to  bending  only,  has  been  computed: 

Table  of  Depths  and  Maximum  Fibeb  Stkesses. 
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For  other  depths,  lengths,  or  tensile  stresses,  use  Equation  (4). 

From  this  table  it  is  evident  that  the  depths  producing  maximiani 
bending  fiber  stresses  are  in  general  those  in  common  use.  Also  that  the 
bending  stresses  in  the  extreme  lower  fibers,  which  are  to  be  added  to 
the  working  stresses,  are  not  inconsiderable,  but  will  vary  between 
10  and  20  per  cent,  of  the  working  stresses  in  lengths  of  from  15  to  30 
feet. 

Henry  T.  Eddy,  C.  E. — This  paper  is  a  move  in  the  right  direc- 
tion. If  an  agreement  can  be  secured  among  bridge  experts  as  to  the 
various  points  noticed  in  this  paper,  it  will,  I  am  sure,  mark  a  distinct 
advance  in  bridge  designing.  I  am  especially  interested  in  that  part  of 
the  paper  which  relates  to  computation  and  to  the  adoption  of  some 
limited  list  of  typical  loads.  An  agreement  as  to  the  amount  and  dis- 
tribution of  the  wheel  concentrations  which  bridges  shall  be  designed  to 
carry,  is  wanted  by  those  who  advocate  the  employment  of  equivalent 
uniform  loads,  as  much  if  not  more  than  by  those  who  propose  to  com- 
pute directly  from  the  wheel  loads  themselves;  for  the  only  basis  for 
these  equivalent  loads  is  the  amount  and  distribution  of  wheel  concen- 
trations in  place  of  which  they  are  taken. 

It  seems  to  me  that  Mr.  Waddell's  reference  to  my  pajser  is  based 
upon  a  misconception  Avhich  I  desire  to  remove,  and  at  the  same  time 
assist,  if  possible,  in  deciding  the  question  whether  computations  may  be 
best  based  upon  assumed  wheel  concentrations  or  upon  so-called  equiva- 
lent uniform  loads.  The  sole  advantage  of  employing  uniform  loads  is 
found,  I  take  it,  in  the  ease  and  simplicity  of  comjjutation.  The  dis- 
advantages are,  that  the  equivalent  load  is  only  api^roximately  equiva- 
lent, and  owing  to  the  way  it  is  found,  the  degree  of  approximation 
and  amount  of  the  error  are  unknown  and  in  fact  vary  from  point  to 
point  of  the  span.  Furthermore,  the  magnitude  of  the  equivalent  load 
varies  for  a  given  train  with  the  length  of  the  span.  The  general 
opinion  at  present  is,  that  the  principal  members  of  long  span  bridges 
can  be  comi^uted  satisfactorily  from  equivalent  uniform  loads;  but  in 
short  Sloans  and  in  stringers  and  other  details  of  long  spans,  where  the 
wheel  concentrations  exert  a  more  preponderating  influence,  I  am  led  to 
believe  that  it  will  still  continue  to  be  required  that  the  designer  and 
comiauter  shall  take  account  of  the  wheel  concentrations,  however  much 
he  may  dislike  the  work,  or  however  certain  he  may  be  in  his  own  mind 
that  it  involves  unnecessary  labor. 

It  was  in  view  of  a  probable  continued  use  of  concentrated  loads 
that  I  attempted*  to  explain  graphical  methods  of  treating  such  loads, 
methods  Avhich  I  think  I  am  justified  in  saying  are  as  simple  and  as 
expeditious  as  that  of  equivalent  uniform  loads,  but  which  involve  no 
approximation  whatever.  If  I  have  succeeded  in  doing  this,  then  the 
whole  burden  of  objection  urged  against  employing  concentrated  loads 

*  Transactions  Am.  Soc.  C.  E.,  May,  1890. 
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vanishes.  As  I  understand  it,  computers  would  gladly  use  concentrated 
loads  in  case  the  labor  were  no  greater  than  in  using  uniform  loads. 
Now  I  distinctly  claim  that  the  methods  proposed  in  my  pr.per  enable 
the  computer  to  do  this,  and  I  liave  only  to  refer  in  corroboration 
to  those  who  have  tried  both  methods.  Notice,  however,  that  I  do 
not  claim  at  all  that  the  algebraic  proofs  which  I  have  given  of  these 
methods  are  in  any  sense  simple  or  expeditious.  In  all  candor  I  must 
acknowledge  that  I  could  wish  these  were  less  tedious,  and  I  am  sorry 
that  I  have  been  unable  to  discover  less  intricate  demonstrations  of  these 
simple  and  convenient  processes.  I  am  Avell  aware  that  such  demon- 
stiations  are  likely  to  stand  in  the  way  of  the  ready  dififusion  of  a  knowl- 
edge of  the  methods  j^roposed,  for  no  engineer  will  be  willing  to  adopt 
methods  of  whose  truth  he  is  not  satisfied.  I  trust  that  more  simple 
demonstrations  will  in  time  be  found,  or  that  the  ability  to  read  math- 
ematics Avill  l)ecome  so  general  as  to  do  away  with  this  obstacle. 

The  misconception  into  which  I  think  Mr.  Waddell  has  fallen  respect- 
ing my  paper,  is  in  supposing  that  the  formulas  I  have  iised  were  intended 
for  computation.  Such  is  not  the  case;  they  are  simply  used,  mo.st  of 
them,  to  convince  the  reader  once  for  all  of  the  correctness  of  the  pro- 
cess he  is  directed  to  use,  otherwise  they  might  have  been  omitted. 
There  are,  however,  certain  side  developments  in  my  paper,  intended 
specially  for  those  who  wish  to  com^sute  by  the  method  of  equivalent 
uniform  loads.  The  developments  I  refer  to  are  simple  approximate 
formulas  for  finding  equivalent  uniform  loads,  and  the  api^roximate- 
maximum  shears  at  the  head  of  a  train.  These  formulas  derived  on 
mathematical  isrinciples  permit  us  for  the  first  time,  so  far  as  I  am 
aware,  to  do  the  very  things  which  Mr.  Waddell  desires  to  do,  and  to  do 
it  in  some  other  way  than  by  "cut  and  try."  It  may  become  possible 
to  gain  some  idea  how  closely  the  results  of  such  a  formula  approximate- 
to  those  obtained  from  the  concentrations  themselves. 

Edwin  Thacher,  M.  Am.  Soc.  C.  E. — A.  I  fully  agree  with  the 
author,  that  the  substitution  of  equivalent  uniform  loads  for  wheel  con- 
centrations in  bridge  calculations  is  a  great  saving  of  labor,  and  also  that 
the  results  are  j^ractically  as  accurate.  I  have  calculated  stresses  both  ways, 
for  hundreds  of  bridges  with  all  the  aids  to  calculation  that  are  available, 
and  I  should  judge  that  the  time  required  for  the  calculation  of  stresses, 
using  uniform  loads,  does  not  exceed  one-tenth  the  time  reqiiired  if 
wheel  loads  are  used;  in  fact,  with  a  good  slide  rule  the  stresses  can  be 
found,  using  uniform  loads,  while  one  is  getting  ready  to  make  a  start 
with  wheel  loads.  It  may  be  asked,  if  the  results  are  practically  as  ac- 
curate liy  uniform  loads,  why  not  always  use  them?  One  reason  for  not 
doing  so  is  that  an  engineer  naturally  has  a  pride  in  having  his  strain 
sheet  conform  strictly  to  specifications;  but  another  and  the  princijjal 
reason  is  that  wheel  loads  give  somewhat  less  material  in  the  chords  and 
counters,  and  under  close  competition  economy  is  necessary.  For  spans. 
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up  to  150  feet  the  difference  is  not  very  imi3ortant,  but  for  long  spans  it 
is  quite  considerable.  If  the  train  load  precedes  as  well  as  follows  the 
engines,  however,  which  is  not  uncommon,  the  stresses  by  uniform  and 
wheel  loads  for  spans  of  any  length,  including  cantilevers,  give  results 
almost  identical. 

As  I  have  already  in  previous  discussions  given  my  views  quite  fully 
on  the  question  of  uniform  versus  wheel  loads  (see  "  Specitiations  for 
Strength  of  Iron  Bridges,"  by  Joseph  M.Wilson,  M.  Am.  Soc.  C.  E.,  1886, 
and  "  Stresses  in  Railway  Bridges  on  Curves,"  by  Ward  Baldwin,  M.  Am. 
Soc.  C.  E.,  1891),  I  do  not  wish  to  make  any  repetitions  here.  In  finding 
the  stresses  by  wheel  loads  or  in  making  a  table  of  e.quivalent  uniform 
loads,  the  first  thing  to  do  is  to  prepare  a  moment  table,  viz.,  a  table 
giving  the  moment  about  each  wheel  of  all  preceding  wheels.  With  such 
moment  table  at  hand,  it  is  a  matter  of  only  two  or  three  minutes  to  find 
the  maximum  end  shear  on  a  stringer  or  plate  girder,  and  I  have  never 
felt  any  great  need  for  a  table  to  cover  this  case.  It  would  be  well, 
however,  when  i)rei3aring  tables  of  uniform  loads  corresponding  to 
maximum  moments,  to  make  one  also  corresponding  to  maximum 
shears,  and  thus  dispense  with  moment  tables  altogether.  The 
method  given  by  the  author  for  finding  the  concentrated  load  on  floor 
beams  and  suspenders  by  using  the  equivalent  load  corresponding  to  a 
length  of  two  panels,  is  not  new.  It  has  been  used  extensively  by  me 
for  eight  or  ten  years.  An  example  of  such  application  may  be  found 
in  his  pajjer,  Transactions  Am.  Soc.  C.  E.,  May,  1884. 

The  author  appears  to  have  based  his  equivalent  loads  for  all  spans 
upon  the  maximum  bending  moment.  I  do  not  think  it  advisable  to  do 
this  for  spans  exceeding  90  to  100  feet  in  length,  or  for  spans  greater 
than  the  longest  plate  girder  used.  A  latticed  girder  I  would  never  use  un- 
less forced  to  do  so,  and  for  trussed  spans  I  consider  it  preferable  to  base 
the  equivalent  load  on  the  maximum  shear,  in  which  case  the  stress  in 
end  brace  and  end  chord  by  uniform  load  and  by  wheel  loads  wiU  be 
identical,  the  stresses  at  center  of  chords  and  in  counters  being  slightly 
in  excess  by  uniform  loads.  The  results  will  vary  somewhat  with  the 
numl)er  of  panels  used,  so  that  in  prej^aring  a  table  for  spans  of  100  feet 
and  upwards  it  would  be  advisable  to  give  a  choice  in  a  number  of 
panels. 

In  the  general  specifications  of  the  Keystone  Bridge  Company  are 
given  diagrams  and  equivalent  uniform  loads  for  ten  different  classes  of 
engines.  For  spans  ujj  to  70  feet,  the  loads  correspond  to  maximum 
moments;  and  for  spans  of  75  feet  and  upwards,  to  maximum  shears. 
Since  this  table  was  prejiared  (1887),  some  of  these  loads  have  dropped 
out  of  specifications,  and  others  have  come  in,  and  the  table  could  be 
profitably  revised  accordingly;  but  a  choice  of  ten  different  and  well 
selected  classes  of  loading,  it  appears  to  me,  ought  to  satisfy  any  railway 
company.     I  consider  that  the  calculation  of  stresses  by  uniform  load  is 
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really  better  practice  than  by  wheel  load;  for  it  not  only  saves  nine- 
tentlis  of  the  time  in  calculation,  but  is  always  safe,  and  i^rovides,  as  before 
noted,  for  a  possible  condition  of  loading  not  usually  provided  for  when 
wheel  loads  are  used.  When  required  to  make  a  large  number  of  esti- 
mates in  a  very  limited  time,  as  all  bridge  calculators  frequently  are,  I 
always  use  uniforms  loads,  let  the  speciflcatious  be  what  they  may,  as  it 
becomes  simply  a  matter  of  choice  to  do  this  or  not  to  bid  on  the  work. 
There  is  no  question,  in  my  mind,  but  what  uniform  loads  could  be 
adopted  in  railway  bridge  specifications  with  great  profit  to  the  bridge 
companies  and  without  injury  to  the  railway  companies. 

I  do  not  think  the  typical  live  loads  i^roposed  by  the  author  the  best 
selection  that  could  be  made.  I  would  prefer  to  take  the  actual  engines 
and  loads  iu  use  and  specified  by  railroad  companies  as  far  as  iDossible, 
say  the  following  selections: 

1.  Erie.     2-80.75  ton  consolidation  engines  followed  by  2  240  pounds 

per  lineal  foot. 

2.  B.  &  O.     2-86.0  ton  consolidation  engines  followed  by  3  000  jjounds 

per  lineal  foot. 

3.  P.  C.  &  St.  L.     2-92.3  ton  consolidation  engines  followed  by  3  000 

jjounds  per  lineal  foot. 

4.  L.  &  N.   2-97.75  ton  consolidation  engines  followed  by  3  500  pounds 

per  lineal  foot. 

5.  Penn.    2-100.0  ton  consolidation  engines  followed  by  4  000  pounds 

per  lineal  foot. 

6.  E.  T  Y.  ct  G.    2-105.0  ton  consolidation  engines  followed  by  4  000 

pounds  per  lineal  foot. 

7.  E.  &  D.    2-112. 0  ton  consolidation  decajDod  engines  followed  by  4  000 

pounds  per  lineal  foot. 

8.  Lehigh.    2-126.0  ton  consolidation  engines  followed  by  4  000  pounds 

per  lineal  foot. 

9.  L.  <fe  N.    1-80.5  ton,  8-wheel  engine,  68  000  pounds  on  drivers,  9  feet 

ceutei's. 
10.  Penn.     1-89.0  ton,  8-wheel  engine,  80  000  pounds  on  drivers,  8  feet 
centers. 

Loads  9-10  apjily  only  to  cross-ties  and  short  spans. 

Railroad  companies  are  not  likely  to  change  their  specified  loads  un- 
less they  find  it  to  their  interest  and  advantage  to  do  so;  neither  do  they 
care  how  much  work  and  expense  is  borne  by  a  bridge  comi^any  in  esti- 
mating on  their  work,  so  long  as  they  do  not  have  the  bill  to  j^ay.  For 
these  reasons  I  do  not  think  it  probable  that  the  author's  lirojiosed  loads 
will  be  adopted  to  any  great  extent,  and  if  not  adopted  the  tables  pre- 
pared therefrom  would  be  useless.  On  the  other  hand,  tables  of  equiva- 
lent uniform  loads,  cori'esponding  to  the  engine  and  train  loads  above 
given,  would  be  very  useful  to  all  calculators  and  a  valuable  contribu- 
tion to  bridge  builders,  independent  of  any  action  that  may  be  taken  by 
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the  railroad  companies;  for  tliey  could  be  safely  and  profitably  adopted 
by  the  calculators  in  all  cases  for  s))ans  up  to  a  150  feet;  and  if  railroad 
companies  would  provide  (as  does  Mr.  Bouscaren  in  bis  specifications) 
for  a  train  load  to  precede  as  well  as  to  follow  the  engines,  they  would 
get  a  better  bridge,  and  calculators  would  be  relieved  of  a  great  burden, 
as  uniform  loads  can  then  be  adopted  in  calculation  for  spans  of  any 
length.  Railroad  companies  can  then  continue  to  specify  wheel  loads 
if  they  prefer  to  do  so,  and  all  parties  will  be  satisfied. 

B.  For  wind  pressui'e,  1  believe  an  allowance  of  150  pounds  per 
lineal  foot  for  unloaded  chords,  and  450  pounds  jser  lineal  foot  for  loaded 
chords  for  spans  up  to  200  feet,  is  amjjle  for  ordinary  cases.  For 
longer  spans  greater  allowance  should  be  made,  and  for  sjjecial  cases  of 
double  decks,  high  fences,  etc.,  30  pounds  per  square  foot  of  exiDOsed 
surface,  appears  to  me  sufficient.  To  resist  these  forces,  I  would 
allow  20  000  pounds  per  square  inch  on  iron  lateral  rods.  It  is  not  likely 
that  one^  bridge  in  ten  thousand  is  ever  exposed  to  a  wind  force  of  30 
pounds  per  square  foot,  or  one  bridge  in  a  thousand  to  a  force  of  10 
pounds  per  square  foot.  Even  if  it  should  be  exposed  to  a  force 
greater  than  30  pounds,  the  bottom  chords  of  the  great  majority  of 
trussed  bridges  would  be  buckled  before  the  stress  in  the  rods  reached 
the  elastic  limit.  My  ideas  on  the  wind  question  are  given  quite  fully  in 
discussions  of  Paper  No.  335,  Volume  XV,  wherein  is  given  an  example 
of  a  200-foot  span  through  bridge.  In  this  example,  the  trusses  are  17 
feet  9  inches  center  to  center,  better  designed  than  the  average  through 
bridge  and  far  better  than  the  average  deck  bridge  to  i-esist  wind;  yet 
it  is  found  that  a  force  of  20  pounds  per  square  foot  will  buckle  the 
second  panel  of  the  bottom  chord;  a  force  of  23  pounds,  the  third 
panel;  a  force  of  31  pounds,  the  fourth  jaanel;  a  force  of  35  pounds,  the 
fifth  panel;  and  a  force  of  39  pounds,  the  center  panel. 

Specifications  frequently  make  excessive  provision  for  wind  and 
initial  stress,  which,  if  observed,  leads  to  much  waste  of  material.  Mr. 
Cooper,  who  is  entitled  to  much  credit  for  originality,  and  whose  speci- 
fications bear  evidence  of  careful  study,  makes  a  very  wild  provision  for 
the  force  of  wind  on  iron  trestles,  and  if  any  trestle  has  ever  been  built 
to  conform  therewith,  I  would  be  glad  to  make  a  note  of  it.  Applied  to 
a  recent  estimate  for  a  trestle  60  feet  high,  with  alternate  30  and  37.5  feet 
spans,  the  bents  should  have  a  width  at  base  of  about  109  feet  to  pre- 
vent tension;  or,  allowing  the  usual  batter  of  one  horizontal  to  six  ver- 
tical, the  tension  will  be  sufficient  to  lift  280  cubic  feet  of  masonry — an 
absurd  result  in  either  case. 

G.  I  would  leave  the  style  of  bridge  to  the  designer,  as  nearly  any 
style  can  be  made  to  do  its  work  well.  Plate  girders  much  exceeding 
90  feet  in  length  are  troublesome  in  most  shops  and  liable  to  injury  in 
transportiou  and  erection.  Pony  truss  railroad  bridges  are  not  called 
for  of  late  years  to  my  knowledge,  and  many  of  the  old  ones  have  fallen 
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down.  They  may  be  considered  structures  of  the  past,  I  prefer  to 
have  floor  beams  riveted  to  vertical  posts  in  through  bridges,  provided 
the  rivets  are  in  double  shear  ;  but  floor  beams  suspended  by  plate 
hangers  admit  of  good  details  and  a  quite  rigid  lateral  system.  I  do  not 
see  the  force  of  the  author's  remarks  that,  in  the  subdivided  Pratt  truss, 
rigidity  is  increased  and  the  top  chord  sections  are  more  perfectly  sup- 
ported, by  sub-strut  than  by  sub-tie.  I  pi'efer  the  tie  for  ajjpearance 
sake,  though  in  all  comparisons  made,  the  strut  is  least  expensive,  as 
stress  travels  in  a  much  more  direct  route  to  the  supports. 

If  the  width  between  centers  of  trusses  in  long  span  bridges  is  one- 
twentieth  of  the  span,  the  span  becomes  practically  a  trussed  column  of 
20  diameters,  and  the  top  chord  sections  (whatever  their  dimensions) 
should  not  be  proportioned  for  a  less  number  of  diameters.  This  con- 
sideration alone  is  sutiicient  to  govern  the  width  between  trusses  after 
obtaining  the  necessary  clearances.  No  doubt  an  increase  of  minimum 
clear  width  to  14  to  16  feet,  would  make  a  safer  bridge,  but  it  rests 
with  the  railroad  companies  to  decide  whether  the  extra  safety  is  worth 
the  extra  cost.  I  jjrefer  a  sj^ace  of  9  feet  between  centers  of  track 
stringers.  This  allows  guard  rail,  cross  tie,  and  stringer  to  be  con- 
nected conveniently  by  the  same  bolt;  it  is  cheaper  than  any  less  width, 
and  less  effect  or  inequality  of  stress  is  produced  by  train  oscillation.  It 
requires  a  heavy  timber  floor,  which  is  an  advantage  and  materially 
assists  the  bottom  chord  to  resist  reverse  stress  from  wind,  and  we 
have  found  this  needed  if  only  30  pounds  per  square  foot  pressure  is 
specified. 

D.  I  doubt  whether  steel  will  ever  be  used  in  bridge  work  more  ex- 
tensively than  it  now  is.  There  is  no  economy  in  reamed  steel  for 
small  trussed  spans.  Steel  of  the  mildest  grades  is  less  reliable  than 
iron.  In  the  dropping  or  overturning  of  girders  in  wrecks,  careless 
handling,  or  abuse  of  auy  kind,  steel  suff'ers  much  more  severely  than 
iron.  Steel  is  unquestionably  safe  under  ordinary  conditions  of  stress, 
but  I  do  not  believe  it  can  ever  be  made  the  equal  of  iron  under  all 
conditions. 

As  remarked  by  the  author,  the  intensities  of  working  stresses  that 
should  be  used  on  bridge  material  remains  much  a  matter  of  individual 
judgment  on  the  part  of  the  engineer.  The  author  api^ears  to  have 
adojjted  for  tension  members  the  fatigue  formula  recommended  by  Laun- 
hardt,  instead  of  a  modification  providing  for  impact,  and  asserts  that  a 

formula  involving  the   factor   ( 1  -f  °°^°^°^^°^ )    is     surely     incorrect. 

v         maximum/ 

I  do  not  agree  with  him.     Whether  bridge  material  does  or  does  not 

suffer  fatigue  is  a  matter  of  no  great  consequence.     All  engineers  are 

agreed  that  greater  provision  should  be  made  for  a  live  load  than  for  a 

dead  load,  and  my  own  opinion  is  that  about  double  provision  should  be 

made;  as,  for  example,  I  consider  a  member  subjected  to  a  constant 
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stress  of  15  000  pounds  per  square  inch,  as  safe  as  a  counter  rod  in  a 
bridge  figured  for  7  50O  pounds  per  square  inch.  Having  fixed  on  ttie 
minimum  and  maximum  limits  of  stress,  it  appears  to  me  reasonable  to 
draw  a  straight  line  between  them,  and  let  all  intermediate  values  of 

— — —  be  found  on  this  line;  the  formula  does  this  and  nothing  more, 
max. 

If  an  engineer  considers  that  members  subject  to  dead  loads  should 

be  allowed  only  25  per  cent,  greater  stress  than  for  live  load,  he  can  use 

the  formula  a  (  I  -\-  —. '—  )  . 

\  4  max.  / 

If  he  wishes  to  allow  50  per  cent,  greater  stress  for  dead  than  for  live 

load,  then  he  can  use  a(  1 4-  — r '- —  ). 

\  2  max.  / 

If  100  per  cent.  apjDears  correct,  he  can  use  «  (  /  +  —  )  ,  as  I 

make  a  practice  of  doing. 

These    formulas    recognize  fatigue   only   to   a  small   extent.     The 

formula  7  500  (  /-| '- —  )  for  iron  tension  members  aj^pears  to  me 

good  enough.  Mr.  Cooper  allows  8  000  pounds  for  all  live  load  and 
16  000  pounds  for  all  dead  load,  which  gives  a  variation  from  the  formula 
of  6  per  cent,  at  extreme  limits  and  less  than  this  at  all  other  points. 
The  api:)lication  of  Mr.  Cooper's  specifications  in  their  present  form  are 
burdensome  to  computers,  owing  to  the  necessity  of  finding  the  stress 
for  dead  and  live  load  separately  for  each  individual  member.  This 
may  be  avoided,  using  only  maximum  stresses,  and  the  same  results  be 
obtained  by  stating  the  requirements  as  follows: 

Eye-bars P^IOOOO-  (/+  JiZ^i^^) 

•'  y         max.  load  / 

Plates  and  shapes.  P  =  15  000  —  (t+     ^^^^  load    \ 

'    y         max.  load  / 

Chord  segments. .  P  =  (16  000^  60  — )  —  f/+    ^^""^  ^°^'^,  ^ 

r  '     '    V        max.  load  / 

•      All  posts P  =  (14  000-80  — )  -  0+  Ji^^i^) 

r  '     ■     V    '     max.  load  / 

The  above  modification  will  be  found   to  save   considerable  labor. 

The  ratio  of     , — ,-    for  web  members   may   be  taken   from  the 

max.  load 

shears;  and  for  chords,  from  the  assumed  dead  and  live  load  jier  lineal 

foot.     If  the  views  of  S.  M.  Robinson,  M.  Am.  Soc.  C.  E. ,  in  regard  to 

the   effects  of  cumulative  vibrations  be  accepted  as  facts,  all  of  our 

specification  will  need  material  revision.     The  example  given  by  the 

author  of  two  long  duplicate  suspension  bridges  does  not  sustain  his 

point.     The  formula   which  will  allow  a  stress  of  40  000  pounds  per 

square  inch  in  the  first  case  is  20  000  (f-] —  j,  which  for  the  second 
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case  allows  33  333  pounds  per  square  incla,  or  practically  if  15  000 
pounds  is  allowed  in  the  first  case,  12  500  pounds  will  be  allowed  in  the 
second,  wliich  appears  to  me  about  right.  As  the  second  case  requires 
but  nine-tenths  as  much  material  as  the  first,  it  is  of  course  the  stronger 
under  the  assumed  condition  of  loading.  In  discussion  of  Paper  335, 
Vol.  XV,  previously  mentioned,  I  jiroijosed  the  following  formula  for 
the  ultimate  strength  of  iron  columns : 

Flat  ends     i*  =  45  000—150  — ,  Pin  ends  P  =  45  000—200  — , 

r  r 

these  formulas  representing  nearly  mean  results  of  all  exjieriments 
recorded  and  i^lotted  up  to  that  time.  I  do  not  think  there  have  been  a 
sufficient  number  of  tests  made  of  the  compressive  strength  of  steel 
bridge  members  upon  which  to  base  formulas,  but  if  we  assume  that  for 
short  blocks  the  strength  is  in  proportion  to  the  tensile  strength  of  the 
material,  and  agree  with  Mr.  James  Christie,  M.  Am.  Soc.  C.  E.,  that 

mild  or  medium  steel  has  the  same  strength  as  iron  when  — ^  =  200,  we 

readily  derive  the  following  formulas  for  steel  columns: 

Ultimate  strength,  60  000  to  68  000  pounds  per  square  inch  or  64  000 
pounds  per  square  inch  mean; 


ER  RATA. 


On  page  144,  instead  of  /  in  the  parentheses,  throughout  read  1. 


happen  the  stress  would  still  be  well  within  the  elastic  limit,  and  safe.  I 
have  made  a  jDractice  of  adding  to  the  sections  of  trestle  legs  when  the  com- 
bined stress  exceeded  by  50  per  cent,  that  due  to  dead  and  live  loads 
only,  but  believe  that  100  per  cent,  would  be  better  in  this  case,  as  there 
is  no  merit  in  wasting  good  bridge  material.  In  my  paper,  Vol.  XIII, 
Plate  I,  Transactions  Am.  Soc.  C.  E.,  are  given  the  stresses  in  three 
varieties  of  bridge  jiortals.  I  investigated  the  subject  at  that  time  and 
have  used  the  results  since.  They  are  correct  according  to  my  views, 
and  as  I  have  not  seen  them  in  print  elsewhere,  they  may  be  of  some 
service  to  bridge  designers. 

F. — I  do  not  agree  with  the  author  that  plate  girder  proportioning 
amounts  to  but  little   more   than   rule-of-thumb.     To  be  sure,  some 
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peculiar  and  untenable  theory  is  occasionally  advanced,  hut  in  all 
important  i^articulars  I  believe  the  stresses  in  plate  girders  are  as  well 
known,  and  admit  of  as  clear  demonstration,  as  in  other  structures. 

Gr- — I  would  never  use  unreamed  compression  steel  of  any  grade 
under  any  circumstances.  It  may  stand  the  drift  test  and  bend  double 
U23on  itself,  yet,  in  the  careless  ujisetting  of  a  girder,  crack  like  glass. 
As  regards  the  use  of  steel,  the  question  as  to  the  most  desirable  grade 
to  use  has  more  interest  to  me  than  any  other;  if  very  mild  steel  is  used 
in  compression,  the  cost  of  reaming  prevents  in  a  great  measure  its 
economic  use  as  compared  with  iron,  and  unless  some  very  decided 
saving  can  be  effected  by  its  use  I  would  much  prefer  iron.  I  have 
favored,  both  for  tension  and  compression,  a  steel  having  a  mean  ultimate 
strength  of  about  70  000  pounds,  although  I  believe  a  majority  of  engi- 
neers favor  a  lower  grade.  I  am  in  favor  of  the  grade  mentioned  for 
several  reasons;  its  use  effects  a  material  saving  in  the  cost  of  structures; 
it  can  be  furnished  of  uniform  quality;  its  elastic  limit  and  reduction  of 
area  are  superior  to  iron,  and  in  cold  bending  it  is  nearly  or  quite  the 
equal  of  iron,  and  when  annealed  after  forging  aud  when  reamed  after 
punching,  it  appears  to  me  to  be  as  safe  as  the  milder  grades.  If  this 
is  true,  why  throw  away  a  strength  of  10  000  pounds  per  square  inch? 
and  if  not  true,  I  would  be  glad  to  hear  some  good  and  substantial 
reasons  why.  I  would  be  glad  to  hear  an  expression  of  opinion  on  this 
important  question  of  economy. 

C.  L.  Gates,  M.  Am.  Soc.  C.  E. — In  the  discussion  on  the  valuable 
paper  entitled  "On  Specifications  and  Strength  of  Iron  Bridges,"  read 
by  J.  M.  Wilson,  M.  A.  S.  C.  E.,  in  Transactions,  Vol.  XV,  1886,  the 
fact  was  forcibly  brought  before  the  Society  by  several  of  our  more 
prominent  and  well  known  bridge  engineers,  that  in  preparing  strain 
sheets  for  bridge  trusses  a  great  amount  of  jDractically  useless  labor 
was  imposed  ui^on  the  contracting  engineer  to  provide  for  the  maximum 
strain  caused  by  any  one  of  the  various  engine  wheel  loads  si^ecified; 
and  I  am  glad  that  Mr.  Waddell  at  this  time  has  again  taken  the  initia- 
tive to  bring  this  matter  before  the  Society.  Ever  since  the  matter 
of  engine  concentration  from  wheel  loads  was  considered  in  connection 
with  iron  bridge  building,  it  looks  as  though  it  had  been  the  ambition 
of  raihvay  engineers  in  writing  up  a  bridge  si^ecification,  to  adopt  an 
actual  or  tyi>ical  engine  load  differing  in  wheel  base  and  load  from 
previously  accepted  ones,  and  yet  in  its  resulting  strains  varying  but 
slightly  from  the  engine  load  of  the  rival  railroad.  Yet  this  slight  varia- 
tion requires  an  amount  of  labor  not  appreciated  and  hardly  compen- 
sating for  the  accuracy  in  result,  all  of  which  Mr.  Waddell  clearly 
points  out  and  iJrojsoses  to  remedy  in  substituting  arbitrary  formulas 
closely  approaching  correct  results. 

To  me  it  seems  we  might  at  this  time  agree  lapon  three  or  four  typical 
engines  or  equivalent  concentrated  loads   covering  nearly  all  cases  of 
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loadings,  and  I  should  be  pleased  did  Mr.  Cooper  so  modify  his  standard 
wheel  load  to  approach  those  of  Mr.  Waddell's  proposition,  Mr. 
Cooper's  specifications  having  already  so  wide  a  reputation  and  having 
been  adopted  extensively  by  railroad  engineers  as  a  standard.  Very 
likely  the  gentleman  has  already  anticipated  this  necessity.  I  have  for 
the  past  six  or  seven  years  slightly  modified  such  wheel  distances  and 
loads  for  personal  convenience  in  computation  without  varying  from 
the  general  result  except  on  the  safe  side. 

Similar  conditions  of  things  at  present  exist  in  the  various  compres- 
sion formulas.  Without  further  touching  uiJon  the  great  divergency  of 
established  rules,  I  simply  mention  that  Cooper's  formulas  for  steel 
compression  members  in  long  length  columns  give  smaller  resulting 
unit  strains  than  for  precisely  equivalent  iron  sections,  and  to  this 
time  I  have  never  been  able  to  fully  explain  the  very  small  unit  strain 
allowed  for  long  posts  comjoared  with  the  large  unit  strains  permitted 
for  end  chord  sections  by  the  above  mentioned  author. 

With  regard  to  requirements  of  stiffeners  in  plate  girders  it  has  been 
my  habit  to  formulate  for  distances  between  stiffeners,  also  for  the  required 
area  of  the  same  and  the  number  of  rivets  per  stiffener,  providing  for 
the  intensity  of  shear  at  the  point  in  question  compared  with  the  ratio 
between  the  web  depth  and  web  thickness  and  total  net  web  area,  dis- 
regarding the  usual  clause  in  specifications  to  space  stiffeners  at  dis- 
tances equal  to  the  depth  of  girders  and  never  less  than  5  feet  apart.  I 
believe,  however,  that  not  much  is  gained  by  hair-splitting  dififer- 
ences  in  discussion,  if  we  at  the  same  time  in  designing  and  build- 
ing diverge  widely  from  good  accepted  practice  and  standard.  I  am 
surprised  to  find  at  this  date  in  one  of  our  large  cities,  a  long  three  and 
four  track  railway  viaduct  in  process  of  construction,  consisting  of  30 
feet,  40  feet  and  longer  deck  plate  girder  sj^ans  designed  for  very  heavy 
traffic  and  engine  load,  in  which  vertical  web  stiffeners  for  4^-foot  depths 
have  been  placed  at  the  certainly  extraordinary  distance  of  15  feet  from 
the  end  stiffeners.  If  this  viaduct  is  being  built  in  accordance  with 
modern  practice  I  should  like  to  know  it,  and  have  the  engineer  and 
designer,  a  member  of  our  Society  to  inform  us;  and  if  it  is  not,  discus- 
sion on  the  subject  would  be  beneficial  and  perhaps  remedy  such  incon- 
gruity in  details  in  an  otherwise  careful  and  skillful  design. 

Another  point  I  wish  to  bring  up  is  this:  Why  are  hip  joints  at  inter- 
mediate panel  points  (between  the  inclined  and  horizontal  top  chord  sec- 
tions)   in    some    of    our    most    imjoortaut   (jfc I 

long-span  structures  designed  as  though 
the  transferred  strain  were  through  the 
"inclined"  bearing  surfaces  instead  of 
through  the  medium  of  properly  propor- 
tioned riveted  reinforcement  plates  and  the  pin  such  as  we  all  very  prop- 
erly design  for  the  end  hip  joint?     With  reference  to  general  details  of 
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constructiou,  it  has  been  tlie  writer's  favorite  custom  to  connect  floor 
beams  to  Z  (zee)  iron  posts  as  per  sketeli;  this  connection  having  the 
advantage  that  the  beam  is  attached  to  the  post  through  its  neutral  axis, 
doing  away  with  the  diaphragm  plate  ordinarily  used  for  the  purpose  of 
equalizing  the  load  over  the  two  channels  of  the  post.  In  conclusion,  I 
would  suggest  that  when  Mr.  Waddell  establishes  a  formiila  for  unit 
strain  in  steel  under  compression  he  should  at  the  same  time  specify  the 
grade  of  steel  j^i'oposed  to  be  used,  a  matter  of  the  utmost  importance. 

Chakles  S.  CnuECHrLii,  M.  Am.  Soc.  C.  E. — I  am  much  interested  in 
the  paper  under  discussion  for  the  following  reasons  : 

First. — There  is  certainly  entirely  too  much  variation  in  the  specifi- 
cations of  live  loads  for  new  bridges. 

Second. — There  are  no  good  grounds  for  this  great  variation. 

Third. — I  think  that  the  present  varied  practice  will  soon  be  simpli- 
fied by  the  suggested  discussion. 

Fourth. — This  subject  has  been  one  of  very  great  interest  to  me  and 
^         to  all  the  members  of  the  Engineering  Department  of  the  Norfolk  and 
Western  Railroad  for  over  three  years. 

In  1888  it  was  found  necessary  to  make  some  very  radical  changes  in 
our  bridge  specifications,  i3rincipally  on  account  of  the  adoption  of 
heavier  engines  and  cars,  and,  further,  from  the  discovery  that  we  had 
ahead  of  us  an  extremely  large  amount  of  bridge  work.  At  the  outset 
^vS  it;  was  found  that  we  could  not  adopt  any  special  type  of  engine  for  a 
maximum  live  load,  because  many  changes  were  probable,  and,  indeed, 
were  made,  before  any  sjjecifications  were  completed.  It  was  also 
thought  that  the  weights  of  our  engines  might  be  further  increased  in 
a  few  years.  It  was  determined,  therefore,  to  adopt  the  simplest  plan 
of  typical  loading  we  could  devise,  that  would  secure  to  us  bridges  hav- 
ing a  proper  per  cent,  of  excess  strength  ;  and  to  arrange  that  loading  so 
that  a  change  in  the  wheel  base  of  any  of  our  engines  or  the  weight  on 
any  wheel  would  not  destroy  the  adopted  per  cent,  of  excess  strength 
of  our  bridges.  The  problem  was  very  soon  found  to  be  a  very  difficult 
one  and  months  were  spent  upon  it. 

The  attempt  was  made  at  first  to  use  a  single  concentrated  bead 
load,  followed  by  a  uniformly  distributed  train  load.  This  plan, 
when  adjusted  to  give  the  proper  excess  strength  to  bridge  members 
governed  by  the  maximum  bending  moments,  would  give  entirely  too 
small  an  excess  to  the  strength  of  members  governed  by  t>he  maximum 
shearing  forces.  The  conclusion  was  reached,  therL^foro,  that  the  proper 
plan  of  loading  is  a  series  of  concentrated  loads,  followed  by  a  uniformly 
distributed  train  load,  and  it  was  determined  to  make  this  arrangement 
of  concentrated  loads  as  simple  as  possible.  To  this  end,  diagrams 
were  made  up  showing  the  equivalent  uniformly  distributed  load  per 
foot  for  various  si)ans,  that  would  produce  the  same  maximum  bending 
moments  and  shearing  forces  as  our  heaviest  engines  and  train.  Engines 
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used  by  other  roads  were  diagrammed  in  the  same  manner,  also  the 
typical  loadings  of  various  bridge  specifications.  The  resulting  dia- 
grams were  like  Plates  XIX,  XX  attached  to  this  paper,  which  are 
copies  of  the  Norfolk  and  Western  Railroad  standards.  Such  diagrams 
not  only  furnished  a  means  to  the  making  of  our  conclusions;  but  also 
means  of  properly  presenting  the  matter  to  the  management  of  this 
road. 

On  May  1st.  1889,  standard  specifications  were  adopted  having  a  verv 
simple  type  of  loading,  in  form  like  those  of  our  specifications  dated 
January  1st,  1891,  but  a  trifle  lighter.  On  January  1st,  1891,  specifica- 
tions were  adopted,  having  a  loading  as  follows  : 

All  bridges  shall  be  designed  to  carry  (in  addition  to  the  dead  load) 
a  live  load  of  4  000  pounds  per  lineal  foot  of  track,  of  which  136  000 
pounds  13  liable  to  be  concentrate!  on  four  axles,  as  in  Pig.  1,  or  80  000 
pounds  to  be  concentrated  on  two  axles,  as  in  Fig.  2. 
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Plates  XIX,  XX  clearly  show  to  the  eye  what  a  uniform  excess  of 
strength  we  secure  by  this  type  of  loading  ;  in  fact,   for  all  spans  the 
excess  strength  is  practically  20  per  cent.     A  large  amount  of  bridge 
workjias  been  erected  by  various  bridge  companies  for  the  Norfolk 
and  Western  Railroad  Company  under  this  form  of  specifications  dur- 
ing the  last  two  and  one-half  years.     All  the  bridge  people  have  ex- 
pressed themselves  as  pleased  with  the  simplification  secured  by  this 
loading  ;  and,  I  think,  we  have  taken  a  very  long  step  in  the  right  direc- 
tion     Although  the  great  simplification  gained  by  doing  away  with  the 
tender  wheel  Ictad  and  adopting  a  uniform  spacing  of  the  four  concen- 
trated loads  employed,  makes  the  direct  calculation  of  the  truss  strains  a 
comparatively  easy  matter,  still  further  simplicity  is  gained  in  the  cal- 
culation of  all  short  spans  and  plate  girders  by  the  use  of  the  equivalent 
loads  appropriate  for  each  particular  span  as  given  bv  the  diagrams- 
and  these  diagrams  having  once  been  plotted,  it  has  been  our  practice' 
to  use  the  equivalent  uniform  loads  in  this  manner,  with  the  result  of  a 
great  saving  in  time. 
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The  advisability  of  removing  the  tender  wheels  of  the  typical  loading 
was  made  evident  from  the  fact  that  the  weights  on  tender  wheels  are  no 
greater  than  the  weights  on  wheels  of  loaded  freight  cars  ;  and  that  the 
increased  train  load  jaer  foot,  which  it  is  now  found  necessary  to  adopt 
generally,  more  than  covers  any  concentration  to  be  found  under  our 
tenders.  This  plan  of  forming  diagrams  like  the  above,  originated  with 
my  principal  Assistant  Eagineer,  Mr.  Morgan  E.  Yeatman.  The  require- 
ments of  the  problem  at  hand  speedily  showed  to  us  its  uses  and  brought 
about  the  above  results.  There  is  no  reason  why,  by  the  use  of  such 
diagrams,  a  simple  type  of  loading,  like  that  of  our  specifications,  can- 
not be  adopted  by  every  railroad  company  to  suit  the  requirements  of 
their  traffic.  These  diagrams  are  simply  graphical  representations  of 
the  tables  of  Mr.  Waddell,  and  show  the  same  result.  I  know  it  is  the 
practice  of  several  bridge  companies  to  make  just  such  tables  as  those 
of  Mr.  Waddell  to  conform  to  a  given  specification  ;  in  fact,  the  above 
mentioned  diagrams  have  been  checked  partly  by  a  table  from  the  Edge 
Moor  Bridge  Works.  The  rule  mentioned  by  Mr.  Waddell  for  finding 
floor  beam  concentrations,  has  been  used  on  this  road  for  the  last  three 
years,  and,  like  many  other  points,  the  proof  of  it  was  discovered 
through  the  use  in  bridge  calculations  of  diagrams  like  those  heretofore 
referred  to. 

I  trust  this  discussion  may  be  continued  until  it  results  in  the  entire 
abandonment  of  a  multiple  form  of  engines  for  use  in  bridge  specifica- 
tions ;  and  I  hope  that  the  above  statement  will  indicate  the  uselessness 
even  of  the  six  types  of  locomotives  proposed  by  Mr.  Waddell  for  this 
purj^ose.  I  would  recommend  rather  the  use  of  a  uniform  load  with 
concentrations  at  not  more  than  four  points,  which  can  be  so  selected 
as  to  cover  the  present  and  future  requirements  of  the  traffic  of  any  rail- 
road. The  loading  having  been  adopted,  it  is  a  simple  matter  to  prepare 
diagrams  to  expedite  the  jiractical  work  of  calculation  of  bridge  strains. 

Robert  Moore,  M.  Am.  Soc.  C.  E. — Prof.  Waddell's  remarks  upon 
the  unwisdom  of  adhering  to  the  details  of  some  actual  or  typical  engine 
in  determining  the  loads  and  stresses  in  railway  bridges  meets  the 
■writer's  most  hearty  approval.  The  actual  engine  loads  must,  of  course, 
be  the  ultimate  standard  of  reference;  but  this  is  no  reason  for  declining 
to  use  in  all  ordinary  work  a  simple  system  of  equivalent  uniform  loads; 
we  might  as  well  insist  that  all  measurements  must  be  made  with  the 
official  standard  yard.  • 

When  pressed  for  time  in  which  to  work  out  the  proper  equivalents 
the  writer  has  specified  the  loads  given  by  a  particular  engine;  but  when 
he  had  not  this  excuse  he  has  specified  a  uniform  load  per  foot  with  a 
single  concentrated  load  to  represent  the  excess  weight  of  the  locomo- 
tive, using  one  standard  for  the  floor  system  which  receives  its  full  load 
with  every  locomotive;  a  second  for  the  web  system,  in  which  the  maxi- 
mum stresses  are  developed  by  a  partial  load,  and  a  third  for  the  chord 
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members,  in  •wbicli  the  maximum  stresses  are  developed  only  by  the  full 
loading  of  the  entire  span.  If  Prof.  Waddell,  or  other  parties  interested, 
will  work  out  a  complete  system  of  uniform  loads  equivalent  to  varioiis 
actual  or  typical  engines,  to  be  selected  or  approved  by  a  committee  ap- 
pointed by  the  American  Society  of  Civil  Engineers,  the  writer,  with 
many  others,  will  take  great  i:)leasure  in  abandoning  the  use  of  engine 
concentrations  altogether.  The  writer  also  agrees  quite  fully  with  Prof. 
Waddell's  remarks  upon  suspended  floors,  and  Avhen,  some  years  ago,  a 
railway  manager  gave  the  writer  for  revision  a  bridge  specification  in 
which  suspended  floors  were  required  in  all  cases,  he  amended  it  by  for- 
bidding their  use  in  any  case.  This  rule  he  has  since  had  occasion  to 
relax  in  but  a  single  instance,  and  then  for  reasons  purely  local  and 
special.  The  gain  in  lateral  stiffness  by  the  rigid  attachment  of  the 
cross  girders  to  the  posts  is  so  gi'eat  as  to  justify  this  method,  even  at 
the  cost  of  a  good  deal  of  attention  to  the  connecting  rivets,  which,  how- 
ever, in  the  writer's  expei'ience,  is  not  required.  And  if  the  attachment 
be  made,  as  is  now  frequently  done,  by  extending  the  web  of  the  cross 
pirder  through  a  post  made  of  Z  bars,  he  sees  nothing  further  to  be 
desired. 

As  regards  the  spacing  of  the  stringers,  tbe  writer  very  strongly 
prefers  to  place  them  exactly  6^  feet  between  centers.  With  this  spacing 
the  outer  guard  rail  can  be  fastened  by  hook  bolts  to  the  outer  flange  of 
the  stringers  at  such  a  distance  from  the  track  rail  (12i  inches  from  the 
gauge  side)  as  to  insure  that  a  derailed  wheel  will  droi3  on  the  ties 
without  climbing  the  guard  rail,  and  yet  keep  it  at  the  gi-eatest  possible 
distance  from  the  truss.  By  this  arrangement  the  wider  spacing  of  the 
trusses  recommended  by  Prof.  Waddell  is  not  required. 

Referring  to  Prof.  Waddell's  remarks  upon  the  use  of  steel  in  bridge 
work,  the  writer  fully  agrees  with  him  that,  except  for  screw  bolts  and 
minor  members,  it  should  be  insisted  upon  for  all  first-class  work. 
When  the  utmost  economy  of  time  and  money  is  demanded,  the  writer  ia 
sometimes  forced  to  allow  the  use  of  iron — excepting  for  eye-bars,  pins, 
rivets  and  connecting  angles — but  he  does  it  with  great  reluctance.  But 
in  using  steel  he  differs  from  Prof.  Waddell  in  believing  that  the  reaming, 
or  still  better,  the  drilling  of  rivet  holes  after  the  parts  are  assembled, 
is  something  that  ought  always  to  be  required.  This  should  be  done  not 
only  as  a  precaution  against  injury  to  the  metal  and  consequent  fracture, 
but  more  as  a  means  of  securing  smooth  and  closely  matched  holes 
which  the  rivets  can  completely  fill.  In  holes  for  field  rivets,  where 
tight  work  is  so  hard  to  get,  the  reaming  is  a  matter  of  much  import- 
ance, for  iron  no  less  than  for  steel. 

Mansfield  Merriman,  M.  Am.  Soc.  C.  E. — I  agree  with  Mr.  Wad- 
dell that  the  specification  of  typical  locomotives  with  wheels  whose  dis- 
tances apart  are  expressed  in  inches  and  fractions,  or  even  in  whole 
inches,  is  unprofitable.     It  is  like  computing  the  area  of  a  circle  with. 
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the  value  of  it  exj^ressed  to  ten  oi'  more  decimals  "when  two  or  three 
would  answer  every  purpose;  indeed,  it  is  worse  than  this,  for  in  figur- 
ing on  the  circle  a  true  result  is  obtained,  whereas  the  typical  locomo- 
tive gives  stresses  that  can  never  exist.  When,  however,  such  locomo- 
tives are  specified,  it  is  the  duty  of  the  bridge  designer  to  use  them  in 
his  computations,  and  it  is  my  opinion  that  usually  it  will  be  better  to 
do  this  directly  according  to  methods  which  are  well  known  to  be  logi- 
cal and  accurate,  rather  than  obtain  equivalent  uniform  loads  and.  then 
find  the  stresses  due  to  these.  Of  course,  errors  of  two  per  cent.,  or 
thereabouts,  on  the  side  of  danger  are  not  important,  and  I  woxild  not 
oppose  the  method  proposed  on  this  account,  but  there  appears  to  be 
little  gained  in  simplicity  by  its  use.  Computers  should  adopt  the 
method  which  suits  them  best,  regarding  not  merely  saving  in  time,  but 
also  simplicity  in  the  logical  understanding  of  the  processes.  I  should 
judge  that  most  students  would  find  the  theory  of  concentrated  loads 
easier  to  understand  than  that  of  comjDuting  and  using  several  uniform 
"equivalent"  loads  to  attain  the  same  results.  Those  who  write  speci- 
:fications  and  invent  typical  locomotives  should  be  strongly  urged  to 
express  the  distances  between  the  wheels  in  feet,  or  at  the  most  in  feet 
and  half  feet.  This  was  done  in  Wilson's  sjiecifications  for  the  bridges 
on  the  Pennsylvania  Railroad  published  and  discussed  in  Transactions 
for  1886,  and  if  such  were  the  case  with  all  typical  locomotives,  most  of 
the  difticulty  in  comj^uting  stresses  would  disappear. 

In  the  Annales  des  Fonts  et  Chausses  for  September,  1891,  is  pro- 
mulgated a  new  order  concerning  the  computation,  design  and  testing 
of  railroad  bridges  in  France.  It  specifies  a  typical  train  load,  consist- 
ing of  two  locomotives  and  two  tenders,  followed  by  loaded  cars.  Each 
locomotive  weighs  56  tonnes  on  awheel  base  of  3.00  meters,  there  being 
4  axles  equally  loaded  and  equally  spaced.  Each  tender  weighs  24 
tonnes  on  a  wheel  base  of  2.50  meters,  there  being  two  axles  equally 
loaded.  Each  car  weighs  16  tonnes  on  a  wheel  base  of  3.00  meters,  on 
two  axles.  This  is  a  very  simjjle  arrangement,  and  it  is  particularly 
praiseworthy  in  having  no  uniform  load  following  the  locomotives,  all 
the  cars  being  on  wheels,  as  they  certainly  ought  to  be.  "Logic  is 
logic,"  and  those  who  persist  in  specifying  tyjaical  locomotives  ought 
not  to  rest  content  unless  the  entire  rolling  load  is  concentrated  on 
wheels.  However,  if  a  uniform  load  and  a  single  concentrated  load  be 
specified  instead  of  tyjaical  locomotive  wheels,  simplicity  in  every  direc- 
tion would  be  attained.  The  uniform  load  would  range  from  5  000 
pounds  jjer  foot,  per  track,  for  short  s]ians,  down  to  3  000  for  long 
spans.  The  single  concentrated  load  might  be  the  same  for  all  spans, 
say  100  000  pounds,  and  it  should  be  given  any  position,  either  at  the 
head  of  the  uniform  load,  or  elsewhere.  I  trust  that  the  paper  before 
us  will  lead  to  the  adoption  of  such  simple  methods  of  loading. 

A.  iT.  Du  Bois,  Jun.  Am.  Soc.   C.  E. — Mr.  Waddell  gives  us  a  rule 


V 


DISCUSSION    ON"    RAILWAY    BRIDGE    DESIGNING.  153 

for  finding  floor  beam  concentrations  directly  from  the  equivalent  uni- 
form live  load.  For  tbis  rule  he  claims  that  "the  principle  involved 
■was  unknown  to  the  engineering  jirofession  only  two  years  since,"  and 
he  declares  that  he  is  "amazed  that  the  principle  was  not  discovered 
long  ago."  The  rule  is  thus  put  forward  and  emi^hasized  by  him  as  the 
statement  of  a  new  principle  and  a  noteworthy  addition  to  engineering 
knowledge.  Mr.  Waddell  is  an  expert  bridge  engineer,  and  his  record 
shows  that  he  understands  his  business.  To  make  a  slip  occasionally 
in  a  paper  Avritten  under  pressure  is  no  disgrace  to  such  a  one;  and  if, 
therefore,  I  venture  to  point  out  a  slip  in  this  case,  it  is  simply  in  the 
interests  of  accuracy.  No  one,  I  am  sure,  will  be  more  ready  to  can- 
didly acknowledge  such  a  slip,  than  the  author  of  the  paper  under  dis- 
cussion, and  few  can  better  aiford  to. 

Let  me  say  then,  that  after  careful  examination  of  Mr.  Waddell's  de- 
monstration of  the  rule  in  question,  I  fail  to  find  any  addition  to  our 
knowledge  or  any  new  principle.  I  do  not  even  find  any  principle 
stated  at  all,  but  only  the  statement  of  a  rule.  Now  a  rule  is  not  a 
principle,  but  the  result  of  the  application  of  a  principle.  The  prin- 
ciple which  lies  back  of  Mr.  Waddell's  rule  is  apparently  not  re- 
cognized by  him  at  all.  Yet  it  is  well  known  to  him  and  to  all  of  us. 
If  it  had  only  occurred  to  him,  he  could  never  have  written  about  it  or 
its  consequences  as  he  has.  The  aijplication  of  this  principle  gives  us 
immediately  without  the  least  algebraic  work  Mr.  Waddell's  rule,  and 
in  a  more  general  form  than  he  puts  it  himself. 

By  the  expression  "  equivalent  uniform  load  for  a  point,"  is  always 
meant  that  uniform  load  which  caiises  at  that  point  the  same  moment  as 
a  given  system  of  concentrated  loads,  to  which  the  uniform  load  is  thus 
"equivalent."  Premising  this,  the  principle  which  is  really  involved 
in  Mr.  Waddell's  rule,  which  he  has  failed  to  use,  but  which  is, 
however,  long  known  to  him  and  to  all  of  us,  is  simj^ly  as  follows:  A 
uniform  load  causes  the  same  moment  at  any  point  of  a  horizontal  beam 
supported  at  the  ends,  as  half  that  load  concentrated  at  the  point.  Mr. 
Waddell  knows  this  as  well  as  all  the  rest  of  us,  and  if  it  had  only  hap- 
pened to  occur  to  him,  he  would  have  saved  not  only  all  his  algebraic 
work,  but  also  all  his  remarks  about  his  rule,  the  ignorance  of  the 
profession  up  to  that  time  of  WTitiug,  the  newness  of  his  principle,  and 
no  little  unnecessary  amazement.  He  would  have  simply  stated  his 
result  as  a  directly  obvious  conclusion,  and  made  no  further  comment. 
For  of  course  it  follows  at  once,  that  if  any  given  uniform  load  is  the 
equivalent  uniform  load  for  any  point  of  a  span,  half  of  it  concentrated 
at  that  point  and  acting  dow-n,  gives  the  same  moment  at  that  point  as 
the  given  system  of  concentrated  loads  to  which  it  is  equivalent.  If, 
however,  it  acts  up,  and  the  given  system  also  acts,  the  moment  at  the 
point  will  be  zerp.  In  other  words,  the  original  span  is  now  converted 
into  two  adjacent,  independant  spans,  with  intermediata  support  at  the 
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point,  and  the  reaction  at  the  point  is  equal  to  half  the  equivalent  uni- 
form load  for  that  point,  for  a  span  equal  to  the  original  sjian. 

Here,  then,  is  the  rule  more  generally  stated  than  Mr.  Waddell  him- 
self gives  it.  He  takes  his  point  in  the  center  or  supposes  e(iual  jianels. 
This  is  not  necessary.  The  result  and  principle  hold  good  for  any  point, 
and  are  the  direct  and  immediate  result  of  a  well  known  principle. 

When  Mr.  Waddell  reflects  that  this  is  really  the  principle  at  the 
bottom  of  his  unnecessary  algebraic  work,  that  he  has  actually  gone 
through  that  work  without  recognizing  it  as  an  old  friend,  that  it  is 
really  this  principle  which  he  claims  the  entire  engineering  profession 
were  ignorant  of  two  years  ago — it  is,  I  think,  simple  justice  to  him  to 
say  that  his  amazement  will  be  no  less  than  ours,  and  no  less  than  it 
was  before,  although  the  grounds  for  it  may  be  changed.  It  is  indeed 
true,  that  so  far  as  I  know,  his  rule  has  never  been  explicitly  stated 
before.  But  then,  since  equivalent  loads  can  only  be  found  when  the 
reactions  are  already  known,  it  naturally  enough  has  not  seemed  worth 
while  to  any  one  to  state  how  to  reverse  the  process.  If,  however,  the 
equivalent  loads  are  given,  it  would  indeed  be  a  source  of  legitimate 
amazement  to  find  any  engineer  at  a  loss  to  reverse  the  process,  and  I 
am  sure  it  will  now  seem  equally  surprising  to  Mr.  Waddell  himself, 
that  having  thus  reversed  it,  he  should  have  for  an  instant  thought  that 
any  new  principle  was  necessarily  involved  in  working  a  problem  back- 
ward, which  was  not  already  involved  in  working  it  forward,  or  that  he 
was  making  any  noteworthy  contribution  to  engineering  knowledge  in 
so  doing.  It  must  also  now  seem  equally  surprising  to  him,  how  he 
could  write  that  he  had  "  just  ascertained  "  that  "  equivalent  loads  can 
be  used  in  finding  the  reaction  " — knowing  as  he  did  that  they  can  be 
found  from  reactions — and  not  at  once  see  that  it  should  have  taken  no 
time  worth  speaking  of  to  ascertain  that  the  reverse  was  also  possible. 

As  to  the  use  of  uniform  loading,  with  or  without  engine  excess,  in 
place  of  the  present  laborious,  heart-breaking  method  of  computing 
stresses,  I  wish  to  agree  most  emphatically  with  Mr.  Waddell,  and  I  sin- 
cerely hope  that  this  discussion  may  lead  to  such  reform.  Nothing  is 
more  certain  than  that  the  stresses  as  now  found  for  a  specified  wheel 
load  system  are  not  the  exact  stresses  even  for  the  system  specified, 
and  still  less  for  other  systems  for  which  the  structure  must  also  be 
adapted.  Any  specified  system  is  thus  only  typical,  and  intended  at 
bast  to  give  stresses  greater  than  any  actual  loading,  present  or  future, 
which  the  structure  may  have  to  carry.  Impact  has  to  be  allowed  for 
even  then,  and  thus  the  apparent  accuracy  is  a  delusion.  It  is  also 
certain  that  uniform  loadings,  with  or  without  engine  excess,  can  be 
easily  chosen  so  as  to  give  always  a  very  close  approximation  to  the 
stresses  due  to  any  assumed  system  as  at  present  found,  and  in  nearly 
every  case  somewhat  in  excess,  as  they  ought  to  be.  Scientifically, 
there  is  no  reason  for  preferring  one  method  to  the  other.     Both  are 
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approximations,  both  are  in  error  for  the  same  reasons,  and  both  give 
essentially  the  same  stresses.  Ease  of  calculation  should  therefore 
decide  the  matter.  The  i^resent  method  can  claim  no  advanta^^e  over 
the  other,  aud  is  incomparably  more  laborious  and  time  wasting. 
The  writer  has  been  obliged  to  teach  and  use  it  simply  because  it  is  in 
vogue.  But  he  still  retains  and  teaches  the  other  also,  believing  firmly, 
as  he  has  long  since  stated,  that  sooner  or  later  engineering  practice  will 
return  to  it.  May  the  day  be  hastened!  The  present  tedious  method  is 
not  so  new  as  seems  to  be  supposed.  It  may  be  that  when  those  respon- 
sible for  it  find  that  they  have  been  anticipated  so  far  as  discovery  and 
introduction  is  concerned,  they  may  be  less  interested  in  their  fad. 

Long  before  1879,  Prof.  Asimont,  of  the  Munich  Polytechnic,  taught, 
and  in  1879  he  published  the  identical  method  Avhich  was  worked  out 
indeijendently  here  in  1880.  Prof.  Asimont's  diagram  is  in  a  different 
and  much  less  convenient  shape  from  that  usually  employed  here,  but 
the  method  is  precisely  the  same.  So  far  as  priority  of  discovery  and 
publication  is  concjrned  the  method  is  his  and  should  bear  his  name. 
I  received  Px'of.  Asimont's  method  in  July,  1879,  and  after  examining  it 
laid  it  aside  as  a  defective  refinement,  off'ering  only  apparent  accuracy  at 
the  expense  of  unnecessary  labor.  Such  I  still  consider  it,  under  what- 
ever name  it  goes.  If  I  had  been  told  in  July,  1879,  that  in  a  few  years 
it  would  be  specified  here  by  our  railroad  companies  and  advocated 
by  our  most  eminent  builders  and  designers,  I  would  have  listened  in  utter 
incredulity.  I  would  have  replied  that  oxxr  designers  have  left  that  sort  of 
investigation  exclusively  in  the  hands  of  "  theorizers,"  the  "mathema- 
ticians," the  "  X,  y,  z  engineers."  That  in  America  that  sort  of  thing 
wouldn't  "  go. "  That  our  '*  practical "  men  would  regard  such  investiga- 
tions as  an  outcome  from  that  schola.stic  Nazareth  out  of  which  in  their 
ojsinion  cometh  no  good  thing.  That  they  were  the  last  men  in  the  world  to 
look  with  favor  upon  scrupulous  refinement  in  calculation,  the  accuracy 
of  which  was  neutralized  by  fundamental  ignorance  of  the  actual  con- 
ditions. That,  in  short,  they  would  care  little  for  a  laborious  method  of 
calculation,  the  validity  of  which  was  impaired  in  the  start  by  unknown 
factors  not  accounted  for.  And  yet  since  then  that  very  method  has 
become  the  fad  of  the  day.  If  to  get  up  an  elaborate  mathematical  treat- 
ment which  goes  farther  than  actual  conditions  warrant  is  to  theorize, 
then  the  theorizer  leads  the  crowd  to-day.  The  method  "go^s,"  and,  as 
in  duty  bound,  I  have  had  to  teach  and  use  it — but  always  under  pro- 
test. I  have  never  had  a  student  whom  I  have  not  encouraged  to  do  his 
best  to  show  it  up.  I  am  rejoiced  that  at  last  the  time  seems  getting  rij^e 
for  a  general  protest  all  along  the  line.  I  hope  it  may  be  so  general  that 
it  will  have  to  be  regarded,  and  so  forcible  that  it  will  be  eflectual. 

Gentlemen  of  the  Asimont  method,  tlie  present  paper  makes  a  square 
issue.  It  has  been  made  before  and  has  been  ignored  every  time.  Mr. 
"Waddell  is  not  the  first  by  any  means  to  show  and  prove  that  for  any 
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given  wheel  load  system  you  please,  uniform  loads,  or  uniform  loads  ia 
the  engine  excesses,  can  be  specified,  which  will  in  all  cases  give  stresses 
almost  identical.  That,  considering  the  necessary  inaccuracy  of  the 
present  method,  no  man  can  say  that  these  stresses  are  not  every  whit  as- 
accurate.  They  may  even  he  more  so.  They  are  in  general  slightly 
greater,  and  they  ought  to  be.  I  object  to  Mr.  Waddell  denoting  errors 
on  the  wrong  side  of  the  present  method  by  the  word  "  danger."  It  is- 
an  unnecessary  concession.  It  would  be  as  just  to  make  the  other 
method  the  standard,  and  to  denote  errors  on  the  wrong  side  of  it  by 
"danger." 

Here,  then,  is  the  square  issue  which  has  been  so  persistently  ignored. 
Are  those  deviations  from  the  results  of  the  present  method,  small  as 
they  are,  on  the  "  danger  "  side  or  not,  and  are  they  worth  the  drudgery 
of  their  evaluation  ?  If  so,  your  reasons,  gentlemen  of  the  Asimont 
method  !  If  they  are  not,  why  in  the  name  of  common  sense  must  we 
continue  to  submit  to  such  drudgery  ? 

J.  P.  Snow,  M.  Am.  Soc.  C.  E. — I  am  glad  that  the  subject  of  bridge 
designing  is  again  before  the  Society  for  discussion.  I  consider  Mr.  J. 
M.  Wilson's  paper  on  "  Specifications  for  Strength  of  Iron  Bridges  "  and 
its  discussion,  published  in  Vol.  XV  of  Transactions,  page  389,  the  best 
treatise  on  details  of  bridge  design  that  has  been  published  in  the  Eng- 
lish language.  A  full  discussion  of  the  i^resent  jDaper  will  be  of  great- 
value  as  supplementing  that  and  bringing  it  to  date.  The  practice  of 
using  uniform  loads  for  calculating  strains  seems  to  be  making  substan- 
tial progress.  This  is  as  it  should  be,  and  is  a  natural  result  of  the 
fact  that  bridge  buyers  are  getting  more  and  more  to  make  their  own 
designs.  Calculating  by  wheel  concentrations  was  a  great  step  in  advance 
of  the  old  method  of  using  a  certain  uniform  load  per  foot  for  all  spans, 
and  it  still  gives  the  Chief  Engineer  or  Manager,  who  does  not  know  how 
to  design  his  bridge,  and  who  does  not  employ  an  assistant  who  does 
know  how,  an  easy  and  precise  way  to  specify  for  the  bridge  that  he 
wants. 

It  is  really  more  complex  to  specify  how  a  bridge  shall  be  designed 
for  uniform  loads  than  it  is  to  say,  "  All  parts  of  the  structure  shall  be 
calculated  to  resist  the  maximum  straius  produced  by  a  string- of  class 
so  and  so  engines."  On  the  other  hand,  in  designing  the  bridge,  it  is 
much  simpler  to  use  uniform  loading,  that  is,  the  bridgebuyer  who  does 
not  know  how  to  design  his  bridge  had  best  specify  the  engine  diagram. 
If  he  attempts  to  specify  uniform  loading  he  must  state  carefully  how 
it  is  to  be  used  for  chords,  shears,  stringers,  floor  beams,  etc.,  and  the 
chances  are  that  ho  will  either  make  a  botch  of  it,  or  leave  bidders  much 
to  assume  at  their  individual  convenience.  In  the  nature  of  things,  typi- 
cal engine  diagrams  and  standard  specifications,  so-called,  are  not  for 
engineers  who  know  how  to  design  a  good  bridge  in  their  own  right. 

For  the  past  seven  or  eight  years,  that  is,  since  I  have  been  a  bridge 
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buyer,  I  have  used  uniform  loading  exclusively,. and  see  no  reason  now 
for  doing  otherwise.  I  do  not  object  to  the  amount  of  labor  per  se  in- 
volved in  calculating  by  wheel  concentrations,  but  it  violates  one  of  the 
fundamental  precepts  of  good  engineering  to  put  so  much  more  precise 
and  laborious  work  into  one  part  of  the  design  than  into  another;  that 
is,  the  labor  of  making  a  strain  sheet  ought  not  to  overshadow  the  using 
of  it.     At  present  I  am  using  a  live  load  curve  giving  loads  as  below: 


Span. 

Load 
per  foot. 

Span. 

Load 
per  foot. 

Span. 

Load 
per  foot. 

Span. 

Load 
per  foot. 

4 

6 

8 

10 

30  000 
20  000 
16  000 
12  000 

12 
14 
16 
20 

10  430 
9,700 
9  180 
8  470 

80 
40 
50 
60 

7  280 
6  380 
6  710 
5  270 

80 
100 
120 
150 

4  750 
4  460 
4  860 
4  340 

It  is  based  on  a  string  of  consolidation  engines  with  35  000  pounds 
on  each  driving  axle  and  a  tender  with  20  000  pounds  per  axle;  to  this 

25  000 
is    added  to  cover  the  imperfections  of  track,  wheels,  etc.,  gen- 
erally denominated  impact.     The  short  span  end  of  the  curve  is  touched 
uj?  with  a  pair  of  axles  8  feet  centers,  with  45  000  pounds  each  plus 

,     I  take  issue  with  the  author  in  thinking  this  latter  engine  should 

span 

be  used,  as  more  than  half  the  bridges  with  which  I  have  to  deal  have 
spans  less  than  20  feet.  To  state  how  the  above  loads  are  used  for  moments, 
shears,  floor  beams,  stringers,  reactions,  etc.,  would  be  too  long  for  this 
place;  but  if  the  author  of  the  paper  will  look  up  a  communication  from 
me  published  in  Railroad  Gazette,  December  10th,  1886,  he  will  see  that  his 
claim  that  no  one  knew  of  the  principle  which  demonstrates  that  the 
floor  beam  load  is  equal  to  the  panel  length  multiplied  by  the  load  per 
foot,  corresponding  to  a  span  of  twice  the  panel  length,  is  a  bad  one.  I 
there  say,  "For  floor  beams  use  I  x  load  per  foot  corresponding  to 
span  =  11,  where  /  is  the  panel  length. "  The  editor  of  the  Gazelle  volun- 
teered a  parenthesis  which  marred  the  sense,  but  the  above  are  the 
words  as  written.  I  have  used  this  "  principle"  constantly,  since  1884. 
A  bridge  that  is  unsatisfactory  to  the  trainmen  who  use  it  and  the 
bridge  crew  who  take  care  of  it,  is  not  a  good  bridge,  although  it  may 
satisfy  the  engineer  who  computes  it.  The  converse  of  this  statement, 
however,  does  not  always  hold;  that  is,  a  bridge  may  be  satisfactory  to 
the  men  who  use  it  and  take  care  of  it,  and  still  may  have  some  glaring 
fault  of  design  that  causes  some  part  to  have  but  a  fraction  of  the  strength 
of  the  other  jjarts.  Still,  the  bridge  engineer,  if  he  wishes  to  escape 
being  called  a  crank,  must  be  very  cautious  in  condemning  a  bridge  on 
the  score  of  unscientific  design,  that  is  doing  its  work  in  a  satisfactory 
manner;  especially  if  he  be  not  the  possessor  of  a  gray  head.     Eiveted 
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pony  trusses  of  90  feet  span  can  be  made  perfectly  satisfactory,  and  careful 
study  of  many  of  them  under  the  action  of  trains,  convinces  me  that  if 
properly  designed,  they  make  good  bridges.  I  prefer  them  to  through 
plate  girders  of  that  length,  from  the  fact  that  such  heavy  girders  are  very 
likely  to  get  badly  abused  in  getting  them  into  place.  For  deck  spans 
the  whole  can  be  riveted  at  the  shop,  and  the  handling  is  then  a  simple 
matter  and  can  be  done  without  injury  to  the  iron  work.  The  very  best 
form,  in  my  opinion,  into  which  metal  can  be  put  to  make  a  bridge,  is  a 
deck  jDlate  girder  with  cross  floor  beams  and  stringers;  the  stringers  to 
be  under  the  rails  and  their  tops  to  be  level  with  the  tops  of  the  girders; 
the  girders  to  be  spaced  as  wide  as  can  be  shipped  on  cars.  I  have  na 
trouble  in  getting  them  9  feet  on  centers.  In  this  form  of  bridge  the 
girders  support  the  ends  of  the  ties  and  the  latter  project  outside  of  the 

girders  sufficiently  to  allow  con- 
venient bolting  of  the  guard  tim- 
bers. I  have  designed  very  many 
multiple  system  riveted  trusses, 
and  the  only  substantial  objec- 
tion to  tbem  is  that  symmetrical 
chords  with  channel-shaped  sides 
Fio.  1.  cannot  be  used.     I  have  dropped 

them  for  this  reason.  For  a  web  system  simply  the  double  cancellation 
is  far  peferable  to  the  pure  "Warren  type,  and  more  economical.  Do  we 
not  use  it  continually  as  the  best  lateral  bracing  that  we  can  devise? 

In  the  six-panel  truss  shown  above,  the  double  system  has  the  same 
number  of  web  members  as  the  Warren,  and  the  shear  in  each  of  the 
former  is  but  approximately  half  what  it  is  in  the  latter.  The  inclina- 
tion and  length  is  greater,  to  be  sure,  but  it  will  work  up  more  economi- 
cally if  five-sided  chords  can  be  tolerated.  The  ambiguity  as  to  which 
system  the  one-sixth  of  an  end  i^anel  load  travels  over  to  get  to  the  farther 
abutment  is  of  but  little  moment.  If  the  designer  is  very  thin-skinned  he 
can  allow  for  it  on  both  systems.  A  modified  Warren,  as  shown  below, 
has  many  advantages,  and  I  am  now  using  it  exclusively  on  short  spans. 
I  would  use  pin  connections  for  shorter  spans  than  the  author  names. 
A  double  track  span  of  100  feet  makes  a  good  solid  pin  bridge.  I  agree 
with  the  author  in  his  condemna- 
tion of  suspended  floor  beams  and 
rigid  bracing.  The  specification 
under  which  I  am  now  working  Fig.  2. 

says:  "Floor  beam  hangers  free  on  the  pin  will  not  be  allowed;"  and 
**  The  laterals  in  the  loaded  chord  shall  in  all  cases  be  rigid  bracing. "  Re- 
garding bridge  floors,  the  i)ractice  on  the  system  with  which  I  am  con- 
nected, is  to  use  flat  ties  6x8  inches  on  wooden  biidges,  and  7x8  inches  flat 
notched  one-half  to  three-quarter  inch  over  the  stringers  on  iron  bridges. 
These  ties  are  12  feet  long  and  laid  12  inches  on  centers;  guard  timbera 
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6x8,  notched  1  inch  over  the  ends  of  the  ties  and  bolted  every  fourth  tie. 
Ourmain  stringers  are  5  feet  on  centers,  with  outside  stringers  in  throiagh 
bridges  10  feet  ^vide.  I  prefer  Southern  long  leaf  pine  for  bridge  ties. 
It  outlasts  the  hard  woods  and  shows  plainly  Avhen  it  is  decayed.  I 
object  strongly  to  the  Avidc  spacing  of  stringers  advocated  by  the 
author.  If  we  are  building  an  iron  or  steel  bridge,  let  us  make  it  com- 
plete in  itself,  and  leave  the  ties  to  do  only  their  legitimate  duty  of 
holding  the  rails  to  gauge  and  line.  The  idea  that  some  engineers  seem 
to  have  that  the  wheels  should  be  cushioned  by  the  spring  of  the  ties 
between  the  stringers,  belongs  on  the  shelf  alongside  of  the  old  idea  that 
iron  bridges  must  be  set  on  wooden  wall  blocks,  that  they  would  be 
shattered  like  glass  beads  if  they  rested  directly  on  the  unyielding 
masonry.  I  know  of  no  instance  where  the  flange  angles  of  stringers 
have  been  bent  down  from  the  deflection  of  the  ties,  but  can  remember 
two  bridges  where  ties  have  been  found  broken  on  account  of  the  wide 
spacing  of  the  stringers,  and  this  by  trains  on  the  rails.  No  doubt  the 
ties  mentioned  were  cross-grained  and  not  large  enough,  but  the  design 
is  poor  that  looks  to  the  rapidly  decaying  ties  to  help  out  a  floor  beam 
of  scant  dimensions.  In  New  England  a  great  majority  of  the  bridges 
are  limited  in  the  matter  of  dej^th  of  floor,  and  the  necessity  of  using  a 
deep  tie  woiild  often  interfere  with  making  a  good  design.  The  thick- 
ness of  tie  named  above  is  sufficient  to  take  the  spikes,  and  experience 
shows  that  they  last  as  long  as  larger  sticks.  Personally,  I  should  place 
the  ties  farther  apart,  say  14  or  16  inches.  I  have  known  many  instances 
of  derailed  cars  crossing  bridges  with  the  latter  spacing  and  there  was 
no  bunching  of  ties.  I  abandoned  the  jiractice  some  years  ago  of  bolt- 
ing the  tie  floor  to  the  iron  work.  If  the  ties  are  notched  over  the 
stringers  and  the  guard  timbers  over  the  ties,  there  need  be  no  fear  that 
the  floor  and  bridge  will  part  company,  unless  it  be  in  a  cyclone  region, 
with  which  I  confess  I  have  had  no  experience.  On  our  wooden  bridges 
the  ties  are  not  notched,  but  are  planed  one  side  to  even  thickness  and 
spike  bolted  to  the  stringers. 

"  Impact "  and  "  fatigue  "  measure  the  bulk  of  our  modern  ignorance 
in  iron  bridge  designing;  they  arethe  present-day  rej^resentative  of  the 
old  bugbear  that  used  to  be  downed  by  the  "factor  of  safety."  It 
seems  reasonable  that  "impact"  should  be  covered  in  the  loading,  and 
the  addition  to  the  engine  loads  previously  mentioned  is  my  attempt 
to  do  this.  As  a  matter  of  fact  the  deflection  of  a  bridge,  even  though 
it  be  of  very  short  span,  is  but  slightly  more,  under  fast  speeds  than  it  is 
if  the  engine  stands  on  it  at  rest;  this  depends,  however,  on  the  condi- 
tion of  the  track  surface  and  also  on  the  wheels.  I  have  known  freight 
cars  at  speed  to  deflect  a  bridge  more  than  the  engine,  evidently  on  ac- 
count of  wheels  which  were  worn  out  of  a  true  circle.  "Fatigue,"  if 
we  believe  in  it,  should  be  covered  in  the  unit  strains.  That  the  deduc- 
tions from  the  German  experiments  on  the  effect  of  oft-repeated  strains 
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on  metals  are  not  applicable  to  bridge  designing  as  stated  by  the  author 
I  thoroughly  believe.  Still,  supj)osing  our  strain  sheet  to  show  the  true 
relation  between  the  strains  in  all  i^arts  of  a  structure,  it  does  not  seem 
satisfactory  to  use  a  constant  unit  for  both  those  parts  which  are  loaded 
to  their  calculated  maximum  at  every  passage  of  a  train  and  other  parts 
which  get  their  maximum  only  under  the  unusual  circumstance  of  two 
tyi^ical  trains  meeting.  Nor  does  it  seem  just  right  to  use  the  same 
tension  unit  for  parts  which  are  strained  from  zero  to  the  calculated 
maximum  many  times  a  day,  and  other  parts  in  which  the  varying  load 
is  no  more  than  perhaps  50  per  cent,  of  the  total.  That  oft-rejjeated 
strains  within  the  elastic  limit  hurt  a  member  in  compression,  I  do  not 
believe.  My  practice  is  to  use  10  per  cent,  greater  unit  strains  on  the 
middle  truss  of  a  three-truss  bridge  than  on  the  side  trusses,  and  for 
general  tension  a  curve  the  ordinates  of  which  give  tension  units,  the 

abcissas  being  values  of ^  .     This  curve  might  as  well  have  been 

max. 

sketched  by  eye  thi'ough  certain  points  that  were  assumed  as  satis- 
factory, as  to  have  been  constructed  from  an  equation.  It  seems  to  me 
that  a  curve  should  be  more  satisfactory  to  use  than  a  list  as  suggested 
by  the  author,  which  jumps  1  000  pounds  per  inch  between  long  and 
sliort  members. 

I  see  no  sound  reason  for  assessing  plate  girders  below  20  feet  s^jan, 
as  recommended  by  the  author.  His  desire  to  discourage  the  use  of 
short  panels  by  so  doing  is  hardly  good  engineering;  the  panel  length 
unless  governed  by  head  room  considerations,  should  be  a  function  of 
the  truss  depth  and  distance  between  trusses.  In  short  spans  we  are 
right  in  using  short  panels;  and  as  stated  before,  more  than  half  the 
bridges  under  my  care  are  less  than  20  feet  sj)an.  We  cannot  discourage 
these  legitimately  by  such  units.  The  i^ractice  with  us  is  to  use  one- 
sixth  of  the  web  as  flange  section  in  plate  girders  when  the  web  is  in 
one  sheet  without  splice;  but  if  the  web  is  in  several  sections  and  the 
splice  plates  are  jiropoi'tioned  only  for  shear,  it  seems  hardly  justifiable 
to  count  much  on  it  to  resist  deflection.  I  do  not  understand  the  reason 
for  the  author's  statement:  "Of  course  if  the  web  be  counted  in,  the 
intensities  of  working  stresses  of  the  flanges  will  have  to  be  decreased 
accordingly."  In  my  judgment  the  plate  girder  is  the  best  form  in 
which  we  can  build  up  metal  to  cany  a  load  across  an  opening,  and  I 
allow  the  same  tension  units  in  them  that  I  do  in  eye-bar  members  of  a 
truss.  I  find  that  nothing  less  than  three-eighth  webs  in  stringers  will 
give  proper  bearing  for  rivets.  The  wheel  load  cannot  be  reckoned  as 
producing  less  than  about  2  500  pounds  vertical  pressure  on  a  single 
rivet,  and  this,  combined  with  the  horizontal  pressure  from  the  flange 
strain,  will  call  for  a  three-eightli-inch  web,  at  least,  in  the  majority  of 
cases.  The  fact  is,  good  machine  driven  rivets  are  worth  more  than  we 
generally  allow,  but  if  we  have  a  set  of  bearing  units  we  should  take  ac- 
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count  of  all  the  loads  coming  on  our  connections  and  stick  to  them.  End 
floor  beams  are  a  good  detail  if  the  stringers  are  extended  beyond  the 
beam  enough  to  take  one  tie;  otherwise  the  distance  between  the  last 
bridge  tie  and  the  first  groimd  tie  will  be  too  great. 

In  calculating  pin  moments  I  think  the  load  delivered  to  the  pin  by 
each  member  should  be  considered  as  distributed  over  its  thickness.  It 
surely  is  so  distributed  in  fact.  If  the  maximum  moment  occurs  at  the 
middle  of  the  pin  the  result  will  be  the  same  whether  the  load  is  so 
considered,  or  concentrated  at  the  center  of  the  member,  but  if  the  maxi- 
mum occurs  under  some  particular  bar,  the  above  consideration  reduces 
the  moment  sometimes  quite  materially. 


In  the  moment  curves  sketched  above,  the  full  vertical  lines  repre- 
sent the  sides  of  members  packed  on  a  j^in,  the  full  broken  line  the 
moments  calculated  with  all  load  concentrated  at  centers  of  members, 
antl  the  dotted  curves  the  allowable  change  if  the  loads  are  considered 
distributed.  It  will  be  seen  that  the  reduction  is  one-half  the  distance 
from  the  vertex  to  the  line  joining  the  intersections  of  the  sides  of  the 
bar  with  the  moment  line.  Id  some  cases  this  perfectly  legitimate  con- 
sideration will  materially  help  out  on  the  size  of  the  pin. 

It  is  not  likely  that  the  discussion  of  Mr.  Waddell's  paper  will  ex- 
haust the  subject  so  that  there  can  be  no  more  said.  Each  one  can  state 
his  opinions  and  beliefs,  but  it  is  not  good  manners  to  insist  that  others 
shall  believe  onr  creeds.  My  rules  and  methods  are  for  my  office;  I 
will  not  attempt  to  force  them  on  brother  engineers.  If  they  like  them 
they  are  at  liberty  to  use  them.  If  thoy  do  not  believe  as  I  do,  I  dare 
not  say  they  are  wrong. 

W.  R.  HuTTOx,  M.  Am.  Soc.  C.  E. — On  the  resistance  to  bending 
of  the  wel)  of  a  plate  girder. 

Fh-st. — First  as  to  our  author:  He  proposes  to  add  one-sixth  the 
area  of  the  web  to  each  flange,  and  to  decrease  "accordingly"  {i.e., 
proportionately)  the  intensity  of  working  stress.  As  the  result  in  this 
case  will  be  the  same  as  if  the  web  were  neglected,  it  is  difficult  to  see 
a  reason  for  it. 

Second.  —It  is  well  known  that  in  a  rectaugiilar  beam  the  maximum 
shearing  stress  is  about  the  neutral  axis,  diminishing  to  zero  at  the  top 
and  bottom  fibers.  In  an  I  beam  it  is  more  nearly  uniform  throughout 
the  web;  still  almost  nothing  in  the  flanges.  Beyond  question,  then, 
the  web  must  take  the  entire  shearing  stress. 
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TTiird. — As  to  the  bending  stresses  in  the  web,  they  exist  and  cannot 
be  got  rid  of.  Their  intensity  may  be  reduced  by  increasing  the  area 
of  the  flange,  and  this,  in  fact,  is  the  practical  effect  of  neglecting  the 
web  in  computing  the  resistance  of  the  beam.  It  would  seem  to  be 
more  rational  as  well  as  more  exact  to  consider  the  entire  section  and 
proportion  it  for  such  intensity  of  bending  stress  as  may  be  best  for  the 
particular  case.  The  former  method  is  an  additional  factor  of  safety, 
of  variable,  and,  perhaps,  uncertain  value  in  ordinary  practice,  but 
there  are  cases,  as  mentioned  by  our  author,  in  which  it  cannot  be 
applied. 

Fourth. — The  progress  of  exact  methods  is  well  exemplified  in  our 
author,  who,  a  few  years  ago,  was  a  partisan  of  the  flange-only-for-bend- 
ing  theory  in  its  most  extreme  applications.  We  welcome  his  change  of 
mind. 

Fifth. — The  pi'oportioning  of  flanges  to  take  the  whole  bending 
stress,  while  the  web  takes  the  shear,  is  not  uncommon  with  French  con- 
tractors. The  following  line  of  reasoning  in  support  of  the  practice  is 
from  one  of  their  authors.  The  moment  of  inertia  of  the  beam  enters 
into  the  formula  for  maximum  shear.  Now,  if  we  use  the  moment  of 
inertia  of  the  flanges  alone,  neglecting  the  web,  it  results  that  the  shear 
is  evenly  distributed  over  the  section  of  the  web.  In  other  words,  if 
we  assume  the  bending  stresses  to  be  borne  entirely  by  the  flanges,  it 
follows  that  the  shear  is  uniform  throughout  the  web. 

W.  L.  CowLES,  M.  Am.  !Soc.  C.  E. — There  are  a  few  jjortions  of 
Mr.  Waddell's  pajjer  to  which  I  would  like  to  add  emphasis  while  heartily 
approving  nearly  all  the  suggestions  made.  With  regard  to  the  using  of 
uniform  live  loads,  there  can  hardly  be  any  question  that  any  provision 
whereby  the  labor  of  computation  can  be  decreased,  while  at  the  same 
time  a  satisfactory  approximation  to  accuracy  is  reached,  will  meet  with 
the  approval  of  all  engineers;  as  the  only  result  will  be  to  lighten  labor, 
and  thereby  decrease  cost.  This  is  a  matter  of  more  importance  to  the 
computing  engineer  of  a  bridge  company  than  to  the  engineer  of  the  rail- 
road for  whom  a  design  may  be  prepared,  as  the  direct  cost  to  the  railroad 
company  is  not  affected  materially  by  the  difficulty  of  making  the  com- 
putations after  a  specification  which  may  be  new  to  the  designer,  and  the 
engineer  of  the  railroad  having  always  to  use  the  same  specification,  can 
prepare  tables  which  will  make  the  work  of  checking  and  designing 
simple  for  himself;  but  there  would  be  an  indirect  gain  to  the  railroad 
company  through  the  decreasing  of  the  cost  of  designing,  which  must 
in  the  end  be  paid  for  by  those  who  buy  the  bridges.  It  is  impractic- 
able for  the  computer  of  a  bridge  company  to  make  tables  which  will 
fully  cover  all  the  different  specifications  now  in  use  by  different  rail- 
road comi)anies,  although  some  of  the  most  common  can  be  provided 
for  in  this  way.  It  certainly  can  occasion  no  additional  labor  on  the 
part  of  the  railroad  engineer,  and  will  surely  lighten  the  labor  of   the 
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computer,  if  a  system  of  uniform  live  loads  such  as  suggested  can  be 
universally  or  even  widely  adopted.  When  it  is  considered  that  the 
engine  and  train  loads  on  any  given  road  differ  very  widely,  and  that 
the  specifications  for  bridges  are,  or  should  be,  so  written  as  to  provide 
for  the  very  heaviest  load,  with  something  of  a  margin  for  possible 
increase  in  the  future;  it  seems  that  there  should  be  no  objection  to 
adoiiting  a  uniform  load  which  will  give  strains  within  a  reasonable 
per  cent,  of  those  caused  by  the  heavy  typical  load,  and  the  result  of 
Mr.  Waddell's  investigations  seems  to  indicate  very  j^laiuly  that  such 
loads  can  be  determined  and  used  without  the  large  number  of  different 
assumptions  which  have  been  considered  necessary. 

In  the  tables  presented  on  pages  86,  87  and  88,  it  will  be  ob- 
served that  the  error  on  the  side  of  danger  is  rarely  much  over 
2  per  cent. ,  and  it  may  be  well  to  call  attention  to  the  fact  that  as  this 
is  for  the  live  load  simply,  the  actual  error  on  the  side  of  danger  in  the 
resulting  section  will  only  be  from  60  to  70  per  cent,  of  this  amount,  or 
1.2  to  1.4  per  cent,  altogether,  since  the  dead  load  can  be  calculated 
accurately.  lu  case  it  were  deemed  essential  that  there  should  not  be 
even  this  per  cent,  of  danger,  it  would  be  easy  to  estimate  the  per- 
centage to  be  added  to  different  members  of  spans  of  varying  numbers 
of  panels  which  would  make  the  strains  right,  as  these  percentages 
would  be  practically  constant  for  spans  of  the  same  number  of  panels, 
and  they  could  be  easily  applied.  This,  however,  would  be  in  the 
direction  of  additional  work  which  it  is  sought  to  avoid,  and  an  easier 
method  would  be  to  make  such  an  addition  to  the  assumed  uniform 
load  as  would  cause  all  results  to  be  on  the  side  of  safety  as  referred 
to  that  load,  which  would  be  equivalent  to  a  satisfactory  concentrated 
loading.  It  may  be  objected  that  this  would  add  materially  to  the  cost 
of  the  bridge,  but  ujion  investigation  it  will  be  found  that  the  difference 
is  not  great.  In  tension  members,  where  the  area  cannot  be  provided 
for  exactly  by  ordinary  regular  sizes  of  bars,  the  difference  arising 
from  using  an  extra  2  per  cent,  is  rarely  such  as  to  cause  a  difference  in 
the  siie,  and  will  sometimes  be  jjrovided  for  by  the  excess  of  section 
use  1,  and  generally  will  not  increase  the  section  enough  to  add  to  the 
thickness  of  the  bar,  although  in  a  few  cases  it  may  have  this  effect. 
In  compression  members  where  it  is  customary  to  make  the  sections 
exact  by  varying  the  weight  of  channels  or  angles,  there  will  be  some 
increase  of  section,  but  the  amount  is  indicated  by  the  result  of  a  calcu- 
lation on  the  300-foot  sjjan  mentioned  on  pages  87  and  88,  where  the 
total  additional  cost  was  less  than  840,  an  amount  which  a  railroad 
engineer  might  be  willing  to  pay  in  one  or  two  cases  for  the  advantage 
of  a  uniform  system  of  loads. 

I  cannot  pass  the  section  concerning  forms  of  trusses  without  express- 
ing my  thorough  approval  of  Mr.  Waddell's  objection  to  pony  trusses. 
The  uncertainty  with  regard  to  the  strength  of  the  top  chord  and  the 
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lack  of  rigidity  in  the  structure  should  cause  every  engineer  to  dis- 
counteaance  its  use.  I  cannot  quite  agree  with  the  writer  in  his  opinion 
that  it  is  better  to  carry  the  intermediate  panel  load  of  a  Pettit  truss  by 
a  strut  toward  the  pier  instead  of  a  tie  toward  the  center,  although  I 
am  willing  to  admit  that  the  former  method  will  give  somewhat  more  of 
inertia  and  consequent  rigidity  to  the  truss,  for  the  reason  that  in  the 
center  panels  the  dead  load  strain,  carried  to  the  top  of  a  post  by  the  tie 
referred  to,  is  generally  necessary  to  prevent  reversal  of  strain  on  the 
post  at  a  point  where  the  line  of  the  top  chord  is  broken.  This  I  con- 
sider is  essential  to  avoid  if  possible,  and  I  think  this  is  more  important 
than  the  slight  additional  rigidity  afforded  by  the  strut. 

I  am  glad  to  notice  that  the  question  of  unit  strains  on  end  posts  is 
mentioned,  as  it  has  always  seemed  to  me  that  it  should  be  regarded  as 
a  continuation  of  the  top  chord  system  rather  than  as  an  intermediate 
post.  The  reason  for  Mr.  Cooper's  specifications  for  this  member,  I 
have  understood,  was  to  provide  additional  section  and  weight  as  a 
means  of  resisting  any  possible  shock  or  blow  from  a  passing  train  which 
might  be  derailed  at  that  point;  but  this  can  be  much  more  eflfectually 
provided  for,  if,  indeed,  a  bridge  should  be  designed  to  resist  such  a 
shock,  by  adding  a  collision  strut  running  from  the  center  of  the  end 
post  to  the  second  bottom  chord  panelpoint;  and  this  construction,  in 
addition  to  providing  for  this  contingency,  assists  the  end  post  by  de- 
creasing its  efifective  length,  and  thereby  stiffening  it  and  decreasing  its 
section.  Another  consideration  against  using  so  small  a  unit  strain  in 
designing  the  end  post  is  that,  as  fully  shown  by  Mr.  Waddell,  the  end 
post  should  have  ample  provision  for  carrying  the  bending  strains  in- 
duced by  wind  pressure,  and  if  designed  with  this  in  view,  will  certainly 
be  heavy  enough  to  satisfy  any  feeling  that  it  should  have  excessive 
strength  to  provide  for  such  a  shock  or  blow  as  suggested.  I  believe 
that  the  end  post  should  always  be  calculated  to  resist  the  bending  mo- 
ment referred  to,  although  I  cannot  say  that  it  has  been  my  practice  to 
do  so,  except  where  such  provision  is  called  for  definitely  in  specifica- 
tions. 

I  do  not  consider  that  a  bridge  is  in  danger  if  the  end  post  is  not 
thus  designed,  except  for  especially  long  spans,  and  it  will  hardly  be 
expected  that  such  a  large  amount  of  extra  material  as  is  required  in  such 
a  design  will  be  provided  by  a  bidder  in  competition  where  it  is  not 
called  for,  unless  in  a  bridge  where  its  omission  amounts  to  a  danger. 
I  think  bridge  builders  would  prefer  to  build  work  designed  in  this 
way  than  to  build  a  lighter  section,  and  this  is  therefore  a  matter  for  the 
railroad  engineer  who  prepares  the  specifications,  and  I  would  be  jileased 
to  see  such  a  sijecification  become  universal.  The  general  specification 
that  all  wind  strains  shall  be  provided  for  is  not  sufficient  to  cover  this 
point  under  the  jiresent  practice  in  designing,  and  it  should  be  made  a 
special  point.     One  difficulty  which  competitors  have  to  meet  is  the  uu- 
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certainty  as  to  whether  the  engineer  who  compares  their  plans  and 
checks  them  over  is  sufficient  of  an  expert  in  bridge  work  to  notice  de- 
fects of  this  kind  in  any  designs  when  such  points  are  not  particularly 
noted  in  the  specifications.  It  is  well  understood  that  while  many 
railroad  engineers  may  have  the  highest  ability  in  many  directions,  they 
are  not  necessarily  experts  in  this  line,  although  many  are,  and  it  is 
therefore  extremely  desirable  that  there  should  be  confidence  on  the 
pai-t  of  bidders  that  all  jjlans  would  be  examined  by  some  engineer 
thoroughly  competent  to  examine  into  all  details  of  the  designs  and 
form  an  accurate  opinion  as  totheir  relative  merits. 

The  question  of  connection  of  stringers  to  floor  beams  is  an  import- 
ant oue,  and  the  objection  to  riveted  couuections  is  a  valid  one,  both  on 
account  of  the  horizontal  bending  induced  in  the  floor  beams,  and  also 
the  tendency  to  cause  the  stringers  to  act  as  continuous  girders,  pro- 
ducing tension  on  the  rivets  at  the  top  of  the  connection.  The  point  in 
some  specifications  requiring  that  the  connecting  rivets  shall  all  be  in- 
cluded in  the  lower  two-thirds  of  the  beam  avoids  this  danger  largely, 
and  is  a  good  rule,  although  sometimes  difficult  to  follow  unless  the 
stringers  have  considerable  depth.  The  same  objection  applies  to  string- 
ers resting  on  the  top  of  the  beam,  where  they  should  be  braced  in  some 
effective  manner,  and  where,  if  both  stringers  are  attached  to  the  same 
brace,  there  is  a  similar  strain  on  the  rivets  at  the  top  of  the  beam.  In 
such  a  case  each  stringer  should  be  separately  braced,  so  that  there  may 
be  no  pulling  apart  at  the  tops. 

Paul  L.  Woelfel,  Assoc.  M.  Am.  Soc.  0.  E. — Prof.  Waddell  objects 
to  the  use  of  concentrated  loads  for  computing  the  live  load  strains  in 
bridges,  and  prefers  to  use  uniform  loads  per  lineal  foot,  changing  with 
the  length  of  spans.  While  I  can  see  no  practical  objection  to  this,  I  must 
object  to  his  reason,  viz. :  that  the  use  of  concentrated  loads  involves  a 
larger  amount  of  labor  and  complications  than  uniform  loads.  By  ap- 
plying the  modern  graphical  methods  (moment  curve,  shear  curve  and 
secondary  shear  curve),  such  as  have  been  in  use  in  the  Engineers' Office 
of  the  Pencoyd  Bridge  and  Construction  Company  for  many  years,  there 
is  practically  hardly  any  difference  whether  we  figure  with  concentrated 
or  uniform  loads,  and  we  can  use  them  in  all  cases,  as  it  makes  no  differ- 
ence how  many  wheel  loads  may  leave  the  bridge.  With  a  little  prac- 
tice one  can  easily  get  all  the  live  load  strains  for  a  six  or  eight  panel 
bridge  with  straight  chord  in  about  one-half  hour;  for  a  curved  chord, 
single  intersection  bridge  in,  say,  one  and  one-half  to  two  hours.  I 
admit  that  there  are  a  few  cases,  like  draw-bridges  and  arched  ribs, 
where  we  save  time  by  using  uniform  loads,  and  where  we  are  the  more 
justified  in  doing  so,  as  the  assumptions  upon  which  our  calculations 
are  based  ai'e  more  or  less  arbitrary.  The  pi'oof  given,  that  the  equiva- 
lent uniform  load  for  floor  beams  is  the  same  as  that  for  the  center 
moment  of  a  span  equal  to  twice  the  panel  length,  is  mathematically 
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very  interesting.  This  fact,  though,  has  been  known  and  taught  in  our 
engineering  schools  for  many  years  ;  anybody  familiar  with  the  use  of 
curves  of  influence  must  know  it.  As  the  floor  beam  reaction  and  the 
center  moment  of  the  above  spans  have  the  very  identical  curve  of  in- 
fluence, the  equivalent  uniform  load  in  both  cases  cannot  help  but  be 
the  same. 

I  cannot  agree  with  what  is  said  in  the  paper  in  reference  to  plate 
girder  webs.  I  admit  that  it  will  be  hard  to  prove  that  the  failure  has 
been  caused  by  using  too  thin  webs.  The  working  stresses  in  our 
structures  are  in  general  so  far  below  the  elastic  limit  that  those  cases 
where  a  bridge  fails  by  the  weakness  of  the  body  of  the  member  are 
very  rare,  and  eventual  failures  can  usually  be  traced  to  faulty  con- 
struction of  details  and  weakness  of  the  connections.  The  shear  in 
the  web  of  plate  girders,  however,  is  just  as  much  there  as  the  strain  in 
the  web  system  of  a  pin  or  lattice  bridge.  Very  often,  though,  it  is 
misunderstood,  as  we  see  clearly  in  some  siiecifications,  like  those  of  the 
Pennsylvania  Lines  west  of  Pittsburgh,  which  allow  4  000  pounds  shear 
when  the  fibers  are  vertical  and  5  000  pounds  when  they  are  horizontal. 
This  ought  to  be  just  the  reverse.  If  we  say  that  the  shear  is  transfer- 
red by  the  web  only,  we  give  an  empirical  rule,  nothing  else.  This 
shear,  as  vertical  shear  iu  the  web  only,  does  not  exist ;  it  is  taken  up 
by  the  flanges  just  as  well;  but  a  shear  equal  to  this  exists  in  the  middle 
of  the  web  as  horizontal  shear,  as  we  can  easily  prove  theoretically.  If 
we  put  two  beams  loose  on  toja  of  each  other,  and  let  them  deflect  under 
a  load,  they  will  slide  on  each  other.  To  make  them  work  as  one  beam 
we  have  to  aj^ply  horizontal  tensile  and  compressive  strains,  which  are 
nothing  else  but  the  horizontal  shear  in  our  girders.  In  plate  girders 
not  too  deep  I  very  often  prefer  even  to  use  a  heavier  web  and  leave  the 
intermediate  stiflfeners  out  altogether.  In  many  cases  this  will  not  only 
simplify  the  shop  work  without  weakening  the  structure,  but  also  give  a 
lighter  and  stiffer  structure.  The  heavy  web  will  help  diminish  the  de- 
flection ;  the  stiflfeners  will  not, 

I  heartily  approve  of  what  Prof,  Waddell  says  in  reference  to  end 
stiflfeners,  as  I  know  from  my  own  experience  that  this  is  a  point  which 
is  very  often  not  called  for  in  the  specifications;  and  thanks  to  the  cus- 
tomary lump  sum  bidding,  is  therefore,  often  not  considered  by  comjiet- 
ing  bridge  companies.  I  also  thoroughly  agree  with  what  is  said  on  wind 
pressure,  as  Mr.  Cooper's  specification  gives  for  loug  spans  decidedly 
too  low  figures.  The  author  states  that  the  fatigue  formula  for  bridge 
members  is  unnecessary,  because  the  metal  iu  bridge  members  has  time 
to  recover  itself  between  the  applications  of  live  load.  It  may  be  worth 
while  to  draw  attention  to  the  fact  that  Prof.  Bauschinger's  experiments 
have  clearly  proved  that  there  is  no  such  thing  as  fatigue  of  metal  within 
the  elastic  limit ;  that  you  can  load  and  unload  a  piece  of  metal  below 
the  elastic  limit  as  often  as  you  waut  without  being  able  to  break  it.     As 
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all  our  working  strains  are  below  this  limit,  we  can  see  that  we  need  not 
consider  fatigue  of  metal  as  such  at  all.  Nevertheless,  the  fatigue  for- 
mula, as  Mr.  Wilson  has  used  it,  for  example,  for  the  Pennsylvania  Rail- 
road Comijany's  specification,  is  a  very  practical  formula,  and  gives  very 
good  proportions,  allowing  higher  strains  for  long  spans  and  lower 
strains  for  shorter  ones. 

We  determine  our  sections  usually  ly  the  dead  and  live  load 
strains  only.  The  impact  strain  is  just  as  important.  It  is  usually 
only  considered  indirectly  in  most  s])ecifications.  These  impact  strains 
will  occur  in  the  structure  whenever  a  train  goes  over,  and  yet  I  am 
sorry  to  say  that  we  know  very  little  about  them.  The  fatigue  formula 
partly  provides  for  it,  as  does  Mr.  Cooper  in  his  specification,  by 
allowing  twice  the  permissible  strain  per  square  inch  for  dead  load 
he  allows  for  live  load,  or,  in  other  words,  by  adding  100  per  cent,  of 
imiJact  to  the  live  load  throughout.  It  is  generally  known  that  a  short 
span  or  a  member  whose  maximum  strain  is  produced  when  only  a  short 
distance  is  loaded,  must  get  more  impact  than  the  long  sj^an  or  cor- 
responding member.  The  load  comes  on  more  suddenly,  and  will  in  its 
effect  be  nearer  a  fully  d^^namically  applied  load.  The  vibrations,  hori- 
zontal and  vertical,  while  the  load  goes  over,  are  more  likely  to  add  to- 
gether for  a  few  wheel  loads  than  they  will  for  a  very  long  train,  where 
probably  quite  a  number  will  compensate  each  other.  Mr.  C.  C. 
Schneider,  in  his  specifications  written  for  the  Pencoyd  Bridge  and 
Construction  Company,  provides  for  that  by  allowing  different  percent- 
ages of  impact  for  different  lengths  of  loading.  This  seems  to  me  a 
step  in  the  only  right  direction.  We  can  only  determine  the  exact  pro- 
portion of  the  im^jact  for  different  lengths  of  loading  by  a  series  of  ex- 
periments, which  could  be  made  without  too  much  difficulty. 

Prof.  Dr.  Fraenkel,  of  the  Royal  Polytechnicum  in  Dresden,  has 
consti'ucted  a  very  ingenious  instrument  with  which  we  can  measure  fiber 
strains  down  to  85  pounds  per  square  inch,  and  which  draws  out  a  com- 
plete diagram  of  the  strain  in  the  fiber.  Let  us  now  figure  the  strain  in 
a  member  for  the  most  unfavorable  position  of  a  given  load.  Let  us 
then  apply  this  loading  statically  in  the  same  position  on  the  bridge, 
and  measure  the  strain.  Let  us  further  run  it  over  the  bridge  with  differ- 
ent velocities  and  measure  the  strains  again,  and  I  think  we  would  have 
no  difficulty  in  getting  at  a  fair  average  for  impact  and  vibration  for 
difierent  spans  and  velocities,  ujjon  which,  undoubtedly,  the  condition 
of  the  track  and  the  rolling  stock  would  have  some  influence.  We  could 
even  go  further  than  that.  Let  us  measure  the  fiber  strains  in  four 
points  of  a  chord  or  post,  and  we  can  find  out  at  the  same  time  what 
bending  stress  our  chord  or  post  got  from  eccentricity  and  stiftness  of 
the  connections.  Connecting  our  instrument  with  the  lateral  system, 
we  can  see  what  lateral  stress  the  train  produced  in  our  structure.  I 
have  used  these  instruments  with  great  success  in  many  cases,  and  am 
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conviuced  that  we  should  see  a  great  deal  clearer  in  regard  to  many  im- 
portant and  doubtful  points,  if  some  prominent  bridge  company  or  rail- 
road company  would  take  up  a  series  of  experiments  in  a  systematic  and 
scientific  way.  The  question  of  impact  settled,  a  gi'eat  deal  would  be 
gaiaed.  If  we  knew  from  our  dead  load,  live  load  and  impact,  the 
greatest  direct  strain  a  member  could  get,  we  should  surely  much  sooner 
be  able  to  settle  on  a  uniform  permissible  strain  with  a  fair  allowance  for 
secondary  stresses  and  safety  ;  not  for  main  members  only,  but  also  for 
the  connections;  for  if  we  allow  different  working  stresses  in  different 
members,  we  should  surely  do  the  same  in  our  connections. 

We  could  make,  then,  such  assumptions  for  the  lateral  forces,  that 
we  could  use  the  same  permissible  strains  also  for  our  lateral  system; 
and  in  this  way  surely  simplify  our  calculations,  and  come  nearer  the  ideal 
structure,  in  which  all  parts  and  connections  are  uniformly  strong. 
Mr.  Cooper  says  in  his  specifications  that  the  rivet  shear  shall  not  ex- 
ceed 7  500  pounds  per  square  inch,  or  three-quarters  of  the  allowed 
strain  per  square  inch  upon  the  member;  the  pressure  on  rivet  and 
pin  bearing  not  to  exceed  12  000  pounds  per  square  inch,  or  one 
and  one-half  times  the  allowed  strain  per  square  inch  on  the  mem- 
ber. According  to  this,  7  500  and  12  000  pounds  would  be  the  upper 
limits,  and  the  second  conditions  would  only  be  used  whenever  they 
would  give  smaller  values.  I  do  not  think  that  this  is  quite  the 
intention  of  the  author.  A  member  strained  with  10  000  pounds  per 
square  inch  corresponding  to  the  maximum  shear  of  7  500  pounds 
surely  ought  to  have  its  connections  designed  with  a  smaller  per- 
missible shearing  stress  than  a  member  strained  with  15  000  pounds 
(laterals  and  members  strained  by  dead  load  only).  Why  should  ten 
rivets  in  single  shear  in  one  case  be  equivalent  to  4^  square  inches  of 
metal,  in  the  other  case  only  to  3?  Another  disadvantage  is  that  we  make 
our  calculations  unnecessarily  complicated  by  introducing  two  condi- 
tions. Very  often  we  have  to  consider  two  cases,  and  must,  besides 
this,  figure  out  the  average  stress  per  square  inch  in  the  member  es- 
pecially for  the  purpose,  as  the  section  of  the  member  is  determined  by 
the  different  strains  for  dead  and  live  load. 

For  pin  bending,  Mr.  Cooper  allows  15  000  pounds  all  the  way  through. 
A  3  X  1-inch  eye-bar  as  a  member  of  the  lateral  system  is  worth  45  000 
pounds.  In  a  short  truss  where  we  would  get  about  10  000  pounds  per 
square  inch,  we  have  to  use  a  5  x  ^-inch  bar  for  the  same  stress;  the  same 
jjin  would,  under  the  same  circumstances,  otherwise  do  for  both  these  bars. 
Mr.  Wilson  determines  his  shear  and  bearing  stress  in  proportion  to  the 
comi^ressive  unit  stress  in  the  members,  at  the  same  time  allowing  a  con- 
stant fiber  stress  for  bending  on  pins.  This  somewhat  complicates  the  cal- 
culations, and  is  under  the  same  disadvantage  in  so  far  as  pin  bending  is 
concerned  as  Mr.  Cooper's  method.  As  soon  as  we  make  our  bearing  and 
shear  deijendent  on  the  varying  unit  stresses  in  the  members,  we  give 
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up  the  great  advantage  of  tabulating  our  shear  and  bearing  values  of 
rivets  and  pins,  aad  have  a  great  deal  of  mechanical  work  to  do  over 
and  over  again.  All  this  is  avoided  in  Mr.  C.  C.  Sclineider's  (Pencoyd) 
specifications,  wliere  we  figure  with  a  maximum  stress  containing  dif- 
ferent amounts  of  impact  for  different  lengths  of  loading,  and  use  con- 
stant unit  stresses  throughout  for  main,  sections  and  connections.  This 
is  a  point  in  saving  time,  which,  I  think,  is  more  important  than  the  in- 
troduction of  equivalent  uniform  loads  as  proposed  by  Prof.  Waddell. 
Prof.  Waddell  declares  himself  for  figuring  with  high  permissible 
strains,  at  the  same  time  assuming  the  highest  possible  load  a  structure 
can  get.  I  thoroughly  agree  with  him  on  that.  As  the  imjiact,  how- 
ever, is  one  of  these  strains,  let  us  try  to  find  out  something  more  about 
this  yet  unknown  quantity,  introduce  it  in  a  scientific  and  yet  practical 
way  in  our  calculations,  and  by  thus  reducing  our  factor  of  ignorance, 
allow  higher  strains.  In  determining  our  permissible  unit  strains,  we 
ought  to  consider  the  secondary  bending  strains  our  members  may  get 
from  the  stillness  and  eventually  from  the  eccentricity,  of  our  connec- 
tions. Even  with  central  connections  these  secondary  strains  may  be 
very  considerable.  We  can  reduce  them  to  a  minimum  by  jjroper  de- 
signing and  by  selecting  the  proper  systems.  Prof.  Dr.  E.  Winkler 
("Theory  of  Bridges — II.,"  Vienna,  1881)  investigates  a  double  intersec- 
tion lattice  girder  of  about  90  feet  with  a  maximum  eccentricity  of  only 
three-sixteenths  inch,  for  a  load  in  every  other  jjanel  point.  Although 
this  extreme  case  is  not  likely  to  happen  in  practice,  we  may  draw  some 
conclusions  as  to  the  relative  value  of  different  systems  from  his  figures. 
He  gives  us  the  additional  secondai-y  bending  stresses  expressed  in  per- 
centages of  the  direct  stress,  as  follows  : 

1.  Girder  without  verticals,  diagonals  connected  at  intersections: 

,  chords,  maximum  113  -per  cent.,  average  65  per  cent.;  web 
members,  maximum  90  per  cent.,  average  36  per  cent.; 
total  average  51  per  cent. 

2.  Girder  without  verticals,    diagonals   not  connected:    chords, 

maximum  88  per  cent. ,  average  68  per  cent. ;  web  members, 
maximum  25  per  cent.,  average  18  per  cent.;  total  average 
45  per  cent. 

3.  Girder  with  verticals,  diagonals  not  connected:  chords,  maxi- 

mum 19  jjer  cent.,  average  12  per  cent.;  web  members, 
maximum  30  per  cent.,  average  13  per  cent.;  total  average 
13  per  cent. 

Even  for  all  panel  points  loaded,  these  additional  strains  average 
about  12  per  cent,  in  the  first  case.  In  a  trestle  bent  I  found  the 
same  figures  for  some  members  to  be  as  large  as  200  per  cent,  for 
central  connections  and  nearly  300  per  cent,  with  eccentricity.  ("  Civil 
Ingeuieur,"  1887.) 
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These  secondary  strains  often  cause  quite  peculiar  effects.  I 
remember  the  case  of  a  suspension  bridge,  where  the  cables  were 
made  of  pins  and  eye-bars.  Experimenting  on  them  with  Prof.  Fran- 
kel's  instrument,  we  found  compression  in  some  of  these  bars  when  a 
heavy  street  roller  passed  over.  A  second  instrument  applied  to  the 
other  side  of  the  bar  showed  the  tension,  which  we  had  figured,  pro- 
portionately increased.  We  had  a  clear  case  of  bending  in  our 
cable,  caused  by  the  friction  of  the  pins  in  the  pin-holes.  The  whole 
cable  from  the  abutment  over  the  piers  to  the  other  abutment,  worked 
not  only  as  a  tension  member,  but  at  the  same  time  as  a  continuous 
girder;  so  that  while  the  additional  strains  produced  by  the  street 
roller  in  the  upper  and  lower  fibers  of  the  eye-bars  in  the  middle  of  the 
span  were  compression  and  tension,  our  instruments  showed  them  to  be 
tension  and  compression  at  the  piers. 

The  question  whether  it  is  correct  to  apply  different  formulas  for 
buckling  for  fixed  and  hinged  ends,  is  a  very  difficult  one  to  decide. 
All  our  buckling  theories  and  experiments  are  more  or  less  uncertain. 
All  experiments  refer  to  the  ultimate  strength.  It  would  have  been  of 
much  more  value  to  us  in  those  experiments  had  Ave  known  any  fibers 
were  strained  beyond  their  elastic  limit.  Experiments  of  this  kind 
could  be  made  with  the  same  instruments  I  spoke  of  in  connection  with 
the  impact.  Bat  even  supposing  we  had  derived  a  really  perfect  formula 
from  our  experiments,  is  there  not  quite  a  difference  between  the  mem- 
ber with  fixed  ends  in  our  testing  machine  and  the  same  member  in  a 
bridge,  where  the  stiff  connections  may  not  only  not  prevent  the  buck- 
ling, but  where  the  secondary  bending  stresses,  which  are  caused  by 
these  stiff  connections,  may  even  start  the  same?  I  think  it  hardly 
worth  while,  therefore,  to  make  a  distinction  between  fixed  and  hinged 
ends.  Mr.  Cooper  gives  different  formulas  for  chords  and  posts,  as  I 
understand,  to  provide  for  the  strains  the  posts  may  get  in  case  of  derail- 
ments. Do  we  not  waste,  then,  a  lot  of  metal  in  all  those  cases  where 
we  have,  for  example,  deck  bridges  with  ties  resting  on  the  top  chord  and 
where  the  posts  are  at  least  just  as  much  protected  against  these  strains 
as  the  chords?  It  also  seems  to  me  that  by  applying  this  formula,  we 
make  in  a  long  span  bridge  with  heavy  posts  a  much  more  ample  pro- 
vision for  these  accidental  stresses  than  we  do  in  a  short  bridge  with 
a  very  light  i)ost.  I  should  think  it  more  advisable  to  figure  with  one 
formula  for  posts  and  chords,  but  make  the  posts  in  through  bridges 
strong  enough  to  withstand  a  bending  moment  in  case  of  an  accident. 
This  moment  would  naturally  be  the  same  in  long  and  short  spans, 
though  it  might  be  advisable  to  fix  on  a  higher  moment  for  the  end 
posts,  as  these  are  more  liable  to  get  a  square  shock,  while  intermediate 
posts  would  probably  get  it  under  a  flat  angle. 

I  do  not  see  that  the  danger  of  the  top  chords  sideways  buckling  in 
pony  lattice  girders  is  so  very  great,  if  the  girders  are  properly  designed. 
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These  girders  ought  to  have  wide  chords  with  double  webs,  and  cor- 
respondingly wide  posts  with  a  solid  web,  well  connected  to  the  chord.  It 
requires  very  little  strain  to  prevent  a  member  from  buckling,  and  we  can 
easily  make  the  jjosts  strong  enough  to  do  this  work;  they  naturally  will 
bend  over  when  the  floor  deflects  and  tend  to  distort  the  chords;  but  I  very 
much  doubt  that  these  additional  strains  will  be  more  than  the  addi- 
tional strains  in  the  posts  of  through  bridges  from  the  same  cause.  For 
single  track  spans  from  80  to  110  feet  I  prefer  a  lattice  pony  truss  to  a 
through  bridge.  The  latter  always  has  a  more  or  less  flimsy  appearance, 
and  has  hardly  suflBcient  lateral  stifl'ness  in  its  main  members  unless  we 
throw  in  a  great  deal  of  extra  metal.  In  reference  to  combining 
stresses,  it  is  undoubtedly  correct  to  allow  higher  permissible  strains 
for  the  combination  of  dead  and  live  load  with  wind  and  momentum.  I 
do  not  think  it  right,  however,  to  allow  higher  strains  for  the  combina- 
tion of  dead  and  live  load  with  the  centrifugal  force  corresponding  to 
an  average  speed,  as  the  horizontal  centrifugal  force  is  just  as  much  of 
a  regular  load  in  our  bridges  as  the  vertical  dead  and  live  load. 

PaxiMer  C.  Eicketts,  M.  Am.  Soc.  0.  E. — Mr.  Waddell  has  brought 
out  in  a  very  interesting  manner  some  of  the  disputed  points  in  bridge 
design,  and  it  seems  to  me  advisable  that  every  member  of  the  Society 
who  is  particularly  interested  in  this  branch  of  the  profession  should  at 
least  express  an  opinion  on  the  questions  considered  in  his  paper, 

I  have  always  thought  that  the  method  of  wheel  concentrations,  as 
used  in  calculating  the  stresses  in  single  system  truss  bridges,  would 
sooner  or  later  pass  into  disuse,  not  so  much  on  account  of  the  increased 
labor  involved  in  the  calculations,  which  I  do  not  think  is  great,  as  be- 
cause it  would  finally  be  realized  that  the  accuracy  attained  by  its  use 
is  more  apparent  than  real.  Who  would  venture  to  say  that  the  stresses 
actually  induced,  by  the  varying  loads  of  ordinary  traffic  in  the  members 
of  any  railroad  bridge  designed  with  typical  engines,  even  closely  ap- 
proximating those  in  actual  use,  would  be  identical  with  those  shown  on 
the  stress  sheet  of  the  original  design;  or  that  they  would  generally  come 
within  a  considerable  ijercentage  of  those  given  by  the  stiesa  sheet? — and 
as  a  matter  of  fact  no  engineer  is  justified  in  specifying  loads  which  do 
not  considerably  exceed  those  in  general  use  on  the  road  for  which  the 
bridge  is  designed.  That  is,  he  must  assume  a  load  which  will  make 
provision  for  unknown  increments  due  to  future  traffic.  The  method 
looks  and  is  what  may  be  called  elegant,  but  whether  the  metal  is  more 
properly  placed  by  its  use  is  entirely  questionable. 

I  have  considerable  sympathy  also  for  those  who  oliject  to  the  use  of 
an  equivalent  uniform  load,  namely,  because  there  is  no  such  thing. 
Mr.  Waddell  has  made  o\it  a  very  good  case  for  the  average  equiva- 
lent uniform  load  obtained  from  the  bending  moments  due  to  typical 
engines  and  their  following  load,  but  it  seems  to  me  that  the  use  of  a 
uniform  load  made  heavy  enough  to  cover  a  certain  probable  future  in- 
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crease  in  car  weights  with  uniform  excesses  taken  large  enough  to  cover 
a  certain  jjrobable  future  increase  in  engine  weights;  is  a  more  simple 
and  all  things  considered  more  rational  method  of  providing  for  the 
proper  distribution  of  the  metal  in  the  trusses,  than  the  use  of  an  assumed 
typical  engine  or  two  followed  by  a  uniform  load,  or  than  an  assumed 
equivalent  of  this  assumed  load.  In  any  case,  as  long  as  so  little  is  known 
of  the  dynamic  effect  of  the  moving  train  on  the  various  pieces  of  the 
structure,  I  believe  that  it  is  not  scientific  to  split  hairs  on  either  the 
relative  position  or  the  magnitude  of  loads  which  are  only  assumed  any- 
way, and  which,  in  view  of  the  future,  never  should  be  assumed  to  give 
the  same  stresses  as  those  induced  by  existing  traffic  even  when  statically 
considered. 

In  specifying  wind  pressure  for  large  spans,  it  is  well  to  remember 
that  observations  so  far  made,  show  that  very  great  wind  pressures  occur 
only  over  very  restricted  areas;  and  that  such  great  pressures  are  ex- 
tremely unlikely  to  be  found  distributed  over  areas  as  large  as  the  ver- 
tical projection  of  the  longest  spans  now  being  built, 

I  am  glad  to  see  the  opinion  expressed  that  lattice  bridges  longer 
than  100  feet  should  be  used.  It  was,  perhaps,  natural  that  the  reaction 
from  tubular  and  long  lattice  bridges  should  carry  the  advocates  of  pin 
bridges  in  the  opposite  direction,  to  such  an  extent  as  to  cause^the  writer 
of  a  well  known  set  of  specifications  in  a  former  edition,  to  require  all 
through  structures  of  more  than  90  feet  in  span  to  be  pin  connected.  In 
a  later  edition  he  has  raised  this  limit  to  100  feet,  and  I  think  it  should 
be  still  further  raised,  though,  jjerhaps,  not  to  the  extent  indicated  by 
Mr.  Waddell.  For  a  single  track,  I  think  that  all  bridges  over,  say,  140 
feet  in  spun  should  be  pin  connected;  and  for  a  double  track,  all  over,  say, 
120  feet.  Pin  bridges  may  be  preferable  for  somewhat  shorter  sjDans,  and 
for  longer  ones,  I  think,  they  certainly  ai'e  so,  for  well  known  reasons  — 
because  the  ratio  of  dead  to  live  load  becomes  more  considerable  and  the 
members  larger,  while  in  lattice  bridges  of  longer  spans  the  difficulty  in 
making  proper  connections  becomes  greater  and  the  loss  of  material  be- 
comes considerable. 

The  spindly,  four-paneled,  pin  connected  through  bridges  100  feet 
long,  which  have  been  turned  out  in  the  past  even  from  the  best  shops, 
have  not  been  admirable  specimens  of  design;  and  though  present 
practice  has  modified  some  of  their  defects,  they  are  still  not  by  any 
means  the  best  that  can  be  used.  Of  course  there  is  ambiguity  in  the 
determination  of  the  stresses  in  bridges  of  more  than  one  system,  and  it 
is  more  rational  as  far  as  the  determination  of  these  stresses  is  concerned 
to  use  one  system  only;  but  since  the  best  bridge  is  that  one  which 
carries  a  given  load  most  safely  and  economically,  it  is  most  rational  to 
use  for  any  sjian  that  kind  of  a  bridge  which  most  nearly  satisfies  this 
definition;  and  as  in  all  other  engineering  work,  observation  of  existing 
structures  may  modify  theoretical  conclusions.      Observation  of  well 
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desigaed  and  well  constructed  lattice  bridges  100  feet  long  has  shown 
them  to  be  stiflfer  and  safer  structures  than  pin  bridges  of  the  same 
length,  and  it  has  vet  to  b3  shown  that  the  best  designed  bridges  of  this 
character  cost  moi'e  for  maintenance,  or  need  renewal  sooner  than  pin 
bridges.  Because  lattice  bridges  as  they  used  to  be  built,  with  webs 
connected  by  one  leg,  no  angles  on  the  lower  sides  of  the  top  chord 
webs,  etc.,  are  not  good  bridges,  it  does  not  follow  that  those  of  the 
best  present  designers  should  not  be  used.  The  writer  does  not  mean 
it  to  be  inferred  that  he  does  not  consider  single  systems  advisable  in 
most  cases,  but  only  that  the  use  of  multiple  systems  is  excusable  in 
certain  cases. 

As  to  the  use  of  pony  trusses,  the  increase  in  the  length  of  plate 
girders  rendered  commercially  possible  by  advancements  in  mill  and 
shoj)  practice,  will  probably  soon  do  away  with  them  to  a  great  extent. 

There  seems  to  be  no  question  of  the  correctness  of  the  present 
tendency  toward  riveted  instead  of  hung  floor-beam  connections,  that 
is,  when  these  connections  are  so  made  that  both  channels  of  the  post 
act  together  or  nearly  together;  and  as  giving  greater  rigidity,  riveted, 
instead  of  adjustable  lateral  connections,  seem  generally  preferalile.  So 
long  as  stringers  are  spaced  so  that  the  inside  of  the  guard  timbers  are 
outside  their  webs,  I  can  see  no  sufficient  reason,  as  far  as  safety  is  con- 
cerned, for  spreading  them  further  apart ;  for  the  flaring  of  the  guard 
timbers  at  the  ends  of  the  bridge  should  bring  any  train  off  the  track 
inside  these  timbers,  and  the  wheels  will  then  be  inside  the  stringers 
also.  If  the  train  is  so  far  oflf  the  track  that  it  cannot  be  brought  inside 
the  guards  before  it  reaches  the  bridge,  or  if  it  mounts  the  guards  while 
it  is  on  the  bridge,  an  accident  is  almost  sure  to  result,  whatever  the 
flooring  may  be.  The  floor  system  adopted  by  Mr.  Wj^ddell  is  certainly 
a  safe  one,  but  it  seems  to  me  to  be  unnecessarily  expensive.  As  a 
matter  of  fact,  with  ordinary  6  by  8-inch  guard  timbers,  flared  at  the 
ends  of  the  bridge,  notched  1  inch  over  closely  spaced  ties  and  bolted 
to  them  and  to  the  stringers  at  frequent  intervals  by  hook  bolts;  there 
seem  to  be  few  cases  of  derailment  in  which  the  traiu  could  not  be  safely 
guided  over  the  bridge,  that  is,  of  those  derailments  which  could  be 
taken  care  of  by  any  floor.  Most  engineers  know  of  cases  in  which 
derailed  trains  have  been  kept  between  such  guards  on  such  a  floor  for 
great  distances. 

I  do  not  doubt  that  the  time  will  soon  come  when  steel  will  wholly 
replace  wrought  iron,  not  only  in  bridge  work,  but  in  almost  all  struc- 
tures and  machines  in  which  such  iron  is  now  used.  It  seems  to  me, 
though,  that  there  are  few  engineers  who  would  care  at  present  to  use 
this  material  only  in  bridges,  in  exactly  the  same  way  that  wrought  iron 
is  used — with  holes  punched  and  not  reamed  in  tension  as  well  as  com- 
pression members — and  unless  it  is  so  used  it  cannot  be  said  that  it  is 
practically  as  cheap  as  iron,  for  spans  of  ordinary  lengths  at  least.     But 
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even  though  wrought  iron  should  not  be  ruled  out  by  the  specifications, 
there  hardly  seems  to  be  much  doubt  about  the  advisability  of  using 
steel  properly  throughout,  even  at  an  increased  price. 

I  think  Mr.  Waddell's  allowed  unit  stresses,  good  ones,  for  this  material, 
and  agree  with  him  in  believing  that  it  is  irrational  to  double  the  allowed 
live  load  unit  stresses  for  the  dead  load.  The  theoretic  deduction  as 
to  the  effect  of  a  suddenly  applied  load  cannot,  I  believe,  be  j^roperly 
applied  in  this  way,  as  the  application  of  a  train  to  a  bridge  is  not  sudden 
in  the  sense  above  used,  and  the  induced  stress  even  in  the  floor  system 
cannot  be  said  to  be  due  to  a  suddenly  applied  load. 

G.  BouscAKEN,  M.  Am.  Soc.  C.  E. — Live  Load. — In  the  light  of  past 
experience,  the  proper  live  load  to  be  assumed  in  the  computation  of 
railway  bridges,  is  a  matter  well  worth  considering.  The  old  practice 
was  a  uniform  load  of  1  ton  per  linear  foot  of  single  track;  this,  with  the 
short  panels  commonly  used  then,  gave  very  weak  primary  members  and 
floor  connections,  even  for  the  light  engines  and  cars  of  the  time.  The 
breaking  of  floor  beam  hangers  was  of  cotnmon  occurrence  in  those  days. 

The  substitution  of  a  train  diagram  composed  of  one  or  two  typical 
locomotives  followed  by  a  uniform  load,  was  an  improvement  on  the  old 
method.  The  writer  introduced  it,  he  believes,  for  the  first  time  in  the 
specification  for  bridges  on  the  Cincinnati  Southern  Railway  in  1874. 
The  engines  of  the  diagram  were  the  heaviest  which  were  expected  to  be 
used  on  the  road  at  that  time. 

With  the  iDast  now  before  us,  it  may  be  said  that  it  was  a  mistake  not 
to  provide  for  the  future  by  a  heavier  load ;  this  necessity  was  not  as 
evident  then  as  now;  besides,  it  has  ever  been  a  popular  princijjle  with  a 
certain  class  of  wise  managers  to  "  take  care  of  the  present  and  let  the 
future  take  care  of  itself."  The  outcome  of  this  policy  has  been  the  re- 
newal of  a  large  number  of  iron  bridges,  which  had  their  life — supposed 
to  be  eternal — shortened  to  that  of  wooden  structures,  by  the  evolution  of 
American  locomotives  and  rolling  stock;  a  great  many  more  only  owe 
their  iDrolonged  existence  to  a  depleted  condition  of  the  company's 
treasury. 

It  seems  to  be  a  matter  of  common  sense  that  the  live  load  assumed  in 
calculations  should  not  be  exceeded  in  its  effect  on  the  ditt'erent  mem- 
bers by  any  actual  load  ever  likely  to  come  upon  the  structure.  In  this 
respect  the  usual  arrangement  of  two  typical  locomotives  followed  by  a 
uniform  train  load,  is  defective,  inasmuch  as  it  does  not  give  the  greatest 
stress  in  all  cases.  For  instance,  the  chord  stresses  will  be  materially 
increased  in  long  spans  if  the  locomotives  are  supjiosed  to  be  i^receded 
as  well  as  followed  by  the  uniform  load;  agaiu,  in  iron  bridges,  canti- 
lever bridges  and  continuous  girders,  larger  stresses  will  occur  at  certain 
points  of  the  web  and  chords  when  the  live  load  is  supposed  to  be  dis- 
tributed in  a  discontinuous  manner  over  the  bridge.  This  condition  is 
liable  to  occur,  and  does  occur  quite  frequently,  on  bridges  where  trains 
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follow  eacli  other  closely,  and  when  from  their  position  in  proximity  to 
a  yard,  switching  has  to  be  done  over  them.  The  arrangement  and  dis- 
tribution of  the  load  should  therefore  be  prescribed  as  that  giving  the 
greatest  result  in  each  case. 

The  distinction  between  engines  and  train  in  the  load  diagram  is  not 
as  important  now  as  it  was,  for  the  reason  that  the  train  weight  per 
linear  foot  has  increased  more  rapidly  than  the  engine  weight  per  linear 
foot,  the  excess  of  the  latter  over  the  former  having  been  reduced  from 
40  or  50  per  cent,  to  20  or  25  per  cent.  The  fact  remains,  however,  that 
the  i^resent  form  of  load  diagram  is  the  most  convenient  to  represent  the 
intensity  of  the  load  desired,  and  it  is  not  likely  to  be  abandoned  by 
railroad  engineers  except  for  a  train  of  typical  engines,  which  is  being 
done  in  some  specifications. 

As  regards  the  use  of  equivalent  uniform  loads  for  the  purpose  of 
comi^utation,  it  is  simply  a  matter  of  choice  with  engineers.  The  i>arti- 
cular  method  of  calculation  employed  is  immaterial,  provided  it  leads  to 
correct  results,  and  no  reasonable  man  will  ol)ject  to  the  use  of  equiva- 
lent uniform  loads  or  to  graphical  construction,  if  the  stresses  are  accu- 
rately determined  thereby.  It  is  always  well,  however,  to  check  one 
method  of  calculation  by  another;  an  exact  coincidence  of  result  is  un- 
necessary, a  variation  of  2  or  3  jier  cent,  is  quite  admissible,  but  it  is 
advisable  to  'keep  on  the  safe  side  by  adopting  the  larger  figure  in  every 
case.  Uniform  loads  are  generally  used  in  the  computation  on  arch  ribs 
to  save  labor,  but  the  advantage  to  be  gained  in  the  case  of  ordinary 
trusses  is  much  less.  The  writer  must  take  exception  to  Mr.  Waddell's 
remarks  to  the  effect  that  the  ordinary  engine  diagram  cannot  be  used 
conveniently  for  finding  bending  moments  in  plate  girders;  he  has  used 
this  method  for  many  years.  The  weight  and  moment  diagrams,  such 
as  given  by  Mr.  Ward  Baldwin  in  a  recent  paper  read  before  the  Society, 
having  been  once  constructed,  can  be  used  very  expeditiously  to  deter- 
mine, not  only  the  maximum  moment  at  any  point  of  a  stringer,  but  the 
8t*«es  as  well,  and  the  maximum  reaction  on  floor  beams  for  any  length 
of  stringers.  These  diagrams,  which  need  not  be  so  elaborate  as  show  n 
by  Mr.  Baldwin,  can  be  readily  drawn  in  a  very  short  time,  and  their 
usage  reduces  very  much  the  labor  complained  of. 

The  avoidance  of  the  great  variety  of  engine  loads  now  being  used  in 
specifications  is  a  great  desideratum;  a  great  number  of  them  differ  only 
slightly,  but  require,  nevertheless,  the  construction  of  independent 
weight  and  moment  diagrams,  which  is  an  unnecessary  burden  and 
annoyance.  Five  or  six  typical  engine  loads  would  cover  the  range  of 
requirements  for  all  classes  of  roads.  The  writer's  criticism  of  the  series 
of  types  proposed  by  Mr.Waddell  is — 1st.  That  it  starts  with  too  heavy 
engines  for  the  lightest  load,  and  ends  with  too  light  engines  for  the 
heaviest  load.  2d.  That  all  his  engines  are  given  the  same  length, 
whereas,  as  a  rule,  actual  lengths  increase  with  the  weight.     3d.  That 
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his  driving  wheel  box  is  somewhat  longer  than  obtains  in  actual  prac- 
tice. The  addition  of  a  heavy  passenger  engine  to  the  ordinary  load 
diagram  is  a  good  provision  which  should  be  retained  in  the  specifica- 
tions. In  spite  of  the  tendency  to  long  panels,  short  ones  will  occur 
occasionally,  when  the  greater  weight  on  a  single  pair  of  drivei'S  will  be 
the  ruling  factor.  The  application  of  this  wheel  load  as  a  check  in  spe- 
cial cases,  is  certainly  no  great  burden  on  the  computer. 

Wind  Pressure. — American  practice  with  regard  to  wind  jiressure 
was  pretty  clearly  shown  by  C.  Shaler  Smith's  j)aper  on  that  subject  and 
the  discussion  thereof  published  in  the  Transactions  of  the  Society  for 
1881. 

The  practice  is  about  the  same  now  as  it  was  then,  viz.,  30  pounds 
per  square  foot  on  the  loaded  structure,  the  j^ressure  on  the  train  being 
considered  as  a  moving  load;  50  pounds  i)er  square  foot  on  the  empty 
structure,  the  greatest  result  to  rule  in  every  case.  No  new  facts  have 
come  to  light  since  then  warranting  a  decrease  in  these  pressures;  on  the 
contrary,  bridges  continue  to  fall  down  from  time  to  time  in  the  track 
of  tornadoes.  The  increased  weights  of  trains  and  engines  have  increased 
the  pressure  of  wind  necessary  to  overturn  them.  If  the  pressure  of  30 
pounds  on  the  loaded  structure  has  not  been  increased  to  meet  this  altered 
condition,  it  has  been,  I  suppose,  on  the  ground  that  no  train  would  be 
likely  to  venture  on  a  bridge  in  such  hurricanes;  still  it  might  be  caught 
there,  which  would  be  a  reason  for  assuming  a  heavier  pressure  than  30 
pounds  for  small  spans  at  least. 

After  all  that  has  been  said  on  the  subject  there  seems  to  be  no  good 
reason  for  reducing  the  pressures.  The  fixed  amount  per  linear  foot 
given  in  certain  specifications  is  based  on  the  pressure  of  30  pounds,  and 
is  understood  to  apply  only  to  small  spans.  As  the  actual  surface  exposed 
to  the  wind  is  not  proportional  to  the  length  of  spans,  and  will  vary  quite 
materially  with  the  design  for  the  same  span,  the  writer  has  always  pre- 
ferred to  compute  the  surface  for  each  case;  it  requires  but  little  time  to 
do  so. 

There  is  no  longer  any  doubt  that  a  pressiire  of  50  pounds  and 
over  is  frequently  reached  by  wind  storms  in  this  country.  Shaler  Smith 
in  his  paper  gave  several  instances  of  well  observed  facts  to  prove  this, 
and  no  one  would  be  disposed  to  question  the  results  of  his  observations 
who  has  seen  the  effect  of  some  tornadoes  which  have  swept  over  differ- 
ent i^arts  of  the  country  within  the  last  few  years.  The  width  of  zone 
of  greatest  intensity  in  such  storms  is  admitted  to  be  small;  but  surely 
this  is  not  a  suflicient  reason  for  omitting  altogether  the  consideration 
of  the  effect  of  these  great  pi'essures  on  empty  structures,  especially 
when  it  is  known  that  they  are  often  accompanied  by  a  lifting  force  of 
unknown  power  which  tends  to  increase  their  effect  on  the  stability  of 
the  structure.  In  the  writer's  opinion  it  is  certainly  risky  to  assume  less 
than  50  pounds  per  square  foot  on  an  entire  empty  span,  whatever  may 
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be  its  length.  la  France  and  England,  where  the  intensity  of  the  wind 
is  not  likely  to  be  greater  than  it  is  hei'e,  the  pressure  assumed  on  empty 
structures  is  generally  above  50  pounds.  With  regard  to  the  eflfective 
areas  for  wind  pressure,  the  writer's  method  of  computing  them  concurs 
with  Mr.  Waddell's. 

In  the  compiitatiou  of  wind  stresses  the  principal  i)oints  of  difference 
seem  to  be:  1st.  Whether  the  transmission  of  effects  in  the  ui^per  half  of 
the  truss  should  be  considered  as  going  through  the  top  lateral  bracing 
or  through  the  vertical  transverse  bracing.  2d.  Whether  the  bottom  of 
end  posts  in  through  bridges  should  be  considered  as  fixed  or  hinged 
laterally.  The  writer's  practice  is  to  consider  the  transmission  to  the 
abutments  or  j^iers  as  taking  place  exclusively  through  the  top  lateral 
system,  this  being  the  most  direct  course,  and  to  consider  the  end  posts 
as  hinged  at  the  bottom,  there  being  always  enough  play  on  the  pins  to 
allow  free  elastic  deflexions  laterally.  These  assumptions  are  on  the  safe 
side. 

As  stated  in  the  paper,  the  effects  of  the  wind  on  the  chords  are  often 
a  disagreeable  surprise  to  biddei's  who  neglect  to  take  it  into  account  in 
the  first  place,  on  the  assumption  that  with  the  larger  working  stress 
allowable  for  the  wind,  no  addition  to  the  sectional  area  will  be  required. 
For  large  spans  the  necessary  increase  of  section  may  be  very  material. 
It  is  well  also  to  test  the  effect  of  the  lateral  pressure  of  the  wind  on  long 
and  slim  struts;  the  bending  moment  due  to  the  wind  may  require  anin- 
ci'ease  of  sectional  area  or  the  remodeling  of  the  section. 

Sti/les  and  Proportion  of  Bridges. — The  writer  agrees  with  Mr.  Wad- 
dell,  that  for  small  spans  which  can  be  shipped  whole,  riveted  girders 
are  preferable  to  pin  connected  trusses;  they  contain  more  material,  but 
this  is  more  than  compensated  by  their  staunchness,  and  the  fact  that 
they  can  better  stand  neglect,  a  point  which,  unfortunately,  should 
always  be  taken  in  consideration. 

Pony  trusses  should  not  be  condemned  without  reserve;  there  are  cases 
whei'e  their  adoption  is  dictated  by  circumstances  and  a  proper  regard 
for  economy,  as,  for  instance,  where  the  crossings  of  several  small 
streams  occur  on  a  stretch  of  level  grade,  with  a  small  elevation  of  grade 
above  high  water  which  doss  not  afford  the  necessary  room  for  deck 
girders.  Raising  the  grade  for  its  entire  length  might  be  too  costly ;  on 
the  other  hand,  short  approaches  to  each  bridge,  introducing  several 
humps  on  the  level  stretch,  would  be  vei-y  objectionable,  esj^ecially  on  a 
road  where  fast  trains  are  to  run.  Pony  trusses  are  the  best  solution  in 
such  cases;  they  can  always  be  made  entirely  safe  by  a  liberal  treatment 
of  the  top  chord. 

The  Pratt  and  Whipple  systems  of  web  bracing,  with  vertical  inter- 
mediate and  inclined  end  posts  and  an  inclination  of  diagonals  aj^prox- 
imatiug  45  degrees,  are  probably  the  best  forms  of  trussing  for  economy 
and  simplicity  of  connections  with  the  floor  system.     In  his  later  prac- 


178  DISCUSSION"    ON    RAILWAY   BRIDGE    DESIGNING. 

tice  the  writer  has  avoided  tlie  iise  of  the  "WhipjDle  form  on  account  of 
the  theoretical  uncertainty  of  even  distribution  of  strains  between  the 
two  sets  of  web  bracing,  although  he  believes  this  objection  to  be  more 
specious  than  real.  Beyond  200  feet  the  Petit  truss  is  advisable,  to 
reduce  the  length  of  stringers  and  maintain  the  projier  inclination  of 
diagonals. 

The  writer  agrees  with  Mr.  Waddell  in  giving  preferences  to  the 
strut  over  the  ties  in  subdividing  the  panels;  although  it  is  done  at  the 
expense  of  more  metal,  the  use  of  the  strut  avoids  all  ambiguity  as  to 
the  distribution  of  the  load  and  adds  to  the  rigidity  of  the  structure. 
The  fact  that  one-half  of  the  floor  beams  are  suspended  in  the  Petit 
truss  is  not  an  objection  if  they  are  properly  connected  to  the  chord. 

Beyond  250  feet  a  polygonal  shape  of  the  top  chord  is  advisable  on 
the  ground  of  economy.  To  better  accomplish  this  object  the  angles 
should  be  suitably  selected  to  maintain  a  continued  increase  in  the 
stresses  of  the  web  members  from  the  center  to  the  ends  of  the  span. 
Polygonal  top  chords  when  properly  designed  are,  in  the  opinion  of  the 
writer,  more  jileasing  to  the  eye  than  straight  chords  in  long  spans. 
The  ordinary  rule  of  14  feet  clearance  between  trusses  will  generally 
give  a  ratio  between  distance  from  center  to  center  of  trusses  and  length 
of  spans,  greater  than  -i-g;  this  ratio  can  safely  be  reduced  to  -oV  for  long 
spans;  beyond  this  the  working  stress  per  squai-e  inch  in  the  top  chord 
should  be  reduced  in  i^roportion  to  said  ratio  by  the  formula  for  com- 
pression members. 

The  proportion  between  the  depth  and  the  distance  from  center  to 
center  of  trusses  cannot  be  formulated  by  a  fixed  rule;  the  economy, 
stability  and  rigidity  of  the  structure,  are  the  principal  elements  of  the 
question,  which  should  all  be  duly  considered.  The  limit  of  3  to  1 
seems  high  enough;  with  a  width  equal  to  one-twentieth  of  the  span, 
this  would  lead  to  a  depth  of  truss  equal  to  three-twentieths  of  the  span, 
which  is  not  generally  exceeded  for  long  spans. 

The  necessity  of  properly  designed  guard  rails  and  rerailiug  devices 
is  universally  recognized,  but  the  advantage  of  increasing  the  clearance 
from  14  to  16  feet  on  spans  of  moderate  length  is  questionable.  Such 
increase  would  add  materially  to  the  cost  of  the  lateral  and  floor  sys- 
tems, and  would  not  be  likely  to  prevent  the  class  of  accidents  against 
which  guard  rails  and  rerailiug  devices  are  ineffective,  such  as  col- 
lisions, broken  axles  and  broken  tracks. 

In  deck  spans  it  is  very  desirable,  when  practicable,  to  carry  the 
masonry  to  the  top  chord,  to  secure  greater  stability  and  rigidity. 

All  adjustable  parts  in  a  bridge  should  be  avoided  if  possible,  for  the 
reasons  that  they  seldom  stay  in  adjustment,  that  they  are  consequently 
a  source  of  expense  in  maintenance  and  that  they  are  often  overstrained 
by  incompetent  men.  The  writer  has  seen  the  end  bars  of  the  bottom 
chord  in  a  150-foot  span  buckled  by  the  overstraining  of  the  end  lateral 
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rods;  he  makes  it  a  rule  now  to  use  riveted  stiflf  diagonals  in  the  bottom 
lateral  system  of  throuj^h  bridges  and  the  top  lateral  system  of  deck 
bridges;  he  also  avoids  adjustable  counter  rods  by  making  all  the  web 
members,  where  a  reversion  of  sti'ess  is  liable  to  occur,  able  to  resist 
tension  and  compression. 

The  riveted  connection  of  floor  beams  to  posts  is  open  to  the  objec- 
tion of  inducing  tension  in  the  upper  rivets  and  a  bending  moment 
in  the  post.  On  the  shore  sjjans  of  the  Ohio  River  Bridge  and  on  the 
Kentucky  Eiver  Bridge,  on  the  Cincinnati  Southern  Railway,  where 
this  form  of  connection  was  adopted,  the  top  rivets  get  loose  and  have 
to  be  renewed  from  time  to  time.  This  can  be  avoided  by  a  top  tension 
bolt  of  sufficient  strength  to  resist  the  flange  stress  of  the  beam  con- 
sidered as  fixed  at  the  ends  to  be  on  the  safe  side;  the  bending  moment 
induced  from  the  beam  should  also  be  duly  considered  in  proportioning 
the  post.  Unsupported  tension  rods  or  bars  of  great  length  are  injuri- 
ous to  the  rigidity  of  the  structure  and  should  be  avoided.  It  is  not 
always  convenient  to  j^reserve  a  fixed  proportion  between  the  length  of 
bars  and  their  depth  of  section,  and  there  seems  to  be  no  necessity  for 
doing  so  if  the  fiber  stress  induced  by  the  weight  of  long  bars  is  taken 
into  account  in  proportioning  the  bars;  the  best  plan,  however,  is  to 
support  the  bars  properly. 

The  first  requisite  of  a  safe  deck  is  to  be  impenetrable  to  a  derailed 
train.  The  ties  should  be  strong  enough  to  resist  individually  the  impact 
from  the  heaviest  wheel  load;  they  should  be  firmly  fixed  in  position 
and  spaced  close  enough  to  prevent  bunching  under  the  raking  of  the 
derailed  wheels.  The  writer  uses  a  4-inch  space  between  ties;  every 
tie  is  locked  laterally  by  the  stringer  web  projecting  1  inch  above  the 
flange  angles;  this  is  better  than  dapping  the  ties  on  the  stringers,  it 
requires  less  labor  and  avoids  the  danger  of  splitting  the  ties  at  the  shoul- 
der; every  tie  is  fastened  to  the  outside  timber  guard  by  a  flve-eighths- 
inch  lag  screw  and  every  third  or  fourth  tie  is  bolted  to  the  stringers. 
Lag  screws  are  preferrable  to  bolts,  which  will  lose  their  nuts  and  drop 
off. 

On  the  Cincinnati  Southern  Railway  bridges  the  inside  face  of  the 
timber  guards  were  all  lined  with  3  x  3-inch  angles;  these  angles  had 
to  be  taken  off;  they  got  loose  in  time  by  the  effect  of  temperature, 
curving  up  and  out  of  line  at  the  ends,  and  becoming  a  source  of 
danger  instead  of  a  safeguard.  In  addition  to  the  outside  timber 
guard,  the  writer  uses  an  inside  guardrail  made  of  old  or  second-class 
rails  laid  with  inside  shoulder  braces.  Both  guards  are  7  inches  from 
the  head  of  the  track  rail,  a  sufficient  space  for  wheels  to  run  in  without 
skewing.  It  is  safer  to  use  long  ties  with  auxiliary  side  stringers,  the 
main  stringers  being  placed  directly  under  the  rails.  Where  this  is  not 
allowable  on  the  ground  of  economy  the  main  stringers  are  spaced  from 
6  to  8  feet,  according  to  length  of  floor  beams,  and  the  ties  pro])ortioned 
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accordingly  with  a  minimum  depth  of  8  inches.  "When  practicable  the 
deck  should  lie  of  hard  timber.  For  the  reasons  given  by  Mr.  Waddell, 
long  leaf  yellow  pine  is  perhaps  preferable  to  oak,  but  the  objectionable 
features  of  oak  are  very  much  lessened  if  care  is  taken  to  lay  every  stick 
with  the  heart  side  down;  in  that  j^osition  it  will  not  split  and  check 
under  the  action  of  the  sun,  and  will  last  much  longer. 

Lilensity  of  Working  Stresses. — There  seems  to  exist  without  sufficient 
reason  therefor  a  great  diversity  of  opinion  among  American  engineers 
with  regard  to  the  proper  limits  of  working  stresses. 

The  experiments  made  by  Wohler  and  Spangenberg,  under  the  aus- 
pices of  the  Prussian  Government,  and  the  Launhardt's  formulas  whick 
have  been  deduced  therefrom  by  a  generalization  extending  beyond  the 
scope  of  the  experiments,  seem  to  be  responsible  in  a  large  measure  for 
this  state  of  things.  We  have  apparently  been  too  hasty  in  adojiting^ 
these  formulas  without  sufficient  investigation.  The  engineers  of  Eng- 
land, France,  Belgium,  Holland  and  jPiussia,  who  follow  very  closely 
what  is  being  done  by  their  neighbors,  have,  as  a  rule,  left  these  formulas 
severely  alone.  All  that  can  be  claimed  as  legitimate  conclusions  from 
Wohler's  experiments  are  the  facts,  heretofore  suspected  but  not  proven: 

First. — That  an  intensity  of  stress  intermediate  between  the  ultimate 
strength  of  the  metal  (as  measured  by  a  single  application  of  load)  and 
its  limit  of  elasticity,  will  always  produce  rupture,  provided  the  number 
of  applications  is  sufficiently  great. 

Second. — That  within  the  limit  of  elasticity,  the  metal  will  stand, 
without  breaking  or  being  injured  in  any  way,  an  indefinite  number 
of  applications,  whether  the  stress  be  always  in  the  same  direction  or  be 
alternately  in  tension  and  compression. 

If  the  writer  is  correct  in  this  statement,  he  is  forced  to  the  conclu- 
sion that  Launhardt's  formulas  deduced  from  experiments  on  criiipling^ 
stresses  cannot  apply  by  any  scientific  process  of  reasoning  to  elastic 
stresses,  the  only  ones  with  which  we  are  concerned.  The  single 
teaching  of  the  German  experiments  is,  that  the  working  stress  should 
never  exceed  the  elastic  limit.  Now  comes  the  question:  If  the  elastic 
limit  is  the  theoretical  maximum  of  working  stresses,  how  near  to  this 
limit  can  we  come  in  practice  ?  The  question  can  only  be  answered  by 
practice  itself,  of  which  we  have  to  guide  us  a  length  of  thirty  or  forty 
years  in  the  construction  of  metallic  framework  for  bridges  and  build- 
ings, and  a  great  deal  more  in  the  construction  of  machinery. 

Before  going  further,  it  is  well  to  have  a  clear  understanding  as  to 
the  precise  meaning  of  the  term  "working  sti'ess. "  Where  there  is  no 
motion  the  effect  of  the  external  forces  is  entirely  static;  where  motion 
exists,  a  dynamic  effect  is  added  which  is  due  to  vibration  and  impact. 

Impact  itself  is  due  directly  to  shock  or  to  the  rapidity  with  which 
the  force  is  applied.  We  have,  unfortunately,  no  accurate  method  of 
equating  dynamic  into  static  effects  as  occurring  in  bridge  members,. 
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but  we  know  that  the  maximum  effect  of  impact,  leaving?  out  shocks,  is 
to  double  the  static  stress,  and  we  know  that  the  effect  of  vibration  in- 
creases as  the  mass  of  the  strained  member  decreases,  and  is  also 
affected  by  the  length  of  the  member.  With  this  information  and  the 
result  of  ol)servation  and  experience  to  guile  us,  we  can  always  approxi- 
mate for  each  particular  case  the  equivalence  of  dynamic  into  static 
effect  and  deal  finally  with  the  resultant  static  stress.  This  resultant  is 
what  we  shall  call  the  "working  stress."  With  this  understanding,  it 
can  safely  be  assumed  that  a  working  stress  equal  to  one-half  of  the 
elastic  limit  will  always  give  ample  security.  This  assumption  is  justi- 
fied by  the  writer's  own  experience  and  that  of  others,  as  far  as  he  is  in- 
formed. Who  has  ever  heard  of  a  sound  piece  of  metal,  working  ordi- 
narily within  that  limit,  giving  away? 

In  a  pajier  read  recently  (Septeml)er,  1891)  before  the  French  Society 
of  Civil  Engineers,  M.  Contemin,  Engineer  for  the  Northern  Railway, 
gives  some  reliable  instances  of  iron  and  steel  working  siaccessfuUy  for 
a  number  of  years  under  these  conditions: 

First. — In  the  case  of  two  iron  bridges  built  in  1854  and  1855,  and  re- 
cently renewed  on  account  of  increase  in  the  rolling  load,  tests  on  speci- 
mens taken  from  the  j^riucipal  members  of  the  old  structures  showed 
that  the  iron  had  iireserved  all  its  original  qualities  after  a  service  of 
thirty -five  years  under  a  working  stress  of  a  little  more  than  one-half  of 
the  elastic  limit. 

Second. — Similar  tests  made  on  specimens  cut  out  of  the  heads  and. 
flanges  of  old  rails  which  had  been  twenty-three  years  in  the  track  and 
finally  taken  out  on  account  of  wear,  showed  that  the  steel  (60  000 
pounds  elastic  limit)  had  preserved  in  every  particular  all  the  qualities 
required  of  it  in  the  specifications  for  those  rails  ;  its  working  stress  in 
service  had  been  30  000  pounds. 

TJiird. — By  a  careful  calculation,  taking  into  account  all  the  elements 
tending  to  increase  internal  stresses  beyond  what  they  would  be  under  a 
static  load,  M.  Contomin  shows  that  the  working  stress  in  locomotive 
axles  on  the  Northern  Railway  exceeds  biit  slightly  one-half  of  the  elastic 
limit  of  the  steel,  which  in  this  case  is  39  000  pounds,  the  steel  being 
of  about  the  same  grade  as  our  medium  structural  steel.  This  metal  in 
ordinary  service  is  subjected  to  nineteen  reversions  of  stress  per  second, 
passing  from  zero  to  equal  tension  and  compression.  These  axles  never 
break,  being  always  finally  condemned  on  account  of  wear. 

If  one-half  of  the  elastic  limit  may  be  considered  as  a  safe  maximum 
for  the  working  stress  in  practice,  on  the  other  hand  the  margin  which 
it  gives  to  the  theoretical  maximum  is  not  too  much  to  cover  the  prob- 
able errors  made  in  converting  the  dynamic  effects  of  the  rolling  load 
into  static  values; — the  secondary  stresses  due  to  the  deformation  under" 
load,  the  unequal  distribution  of  stress  through  large  sections,  the  pos- 
sible hidden  defects  of  material,  and  other  accidental  causes  of  increase 
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•of  stress.  Therefore,  ia  the  writer's  opinion,  one-half  of  the  elastic 
,  limit  is  the  proper  working  stress  to  adopt,  and  he  hopes  to  see  Laun- 
hardt's  formulas  and  their  derivations  dropped  by  every  one  concerned 
or  interested  in  bridge  biiilding,  because  they  are  not  only  burdensome 
in  apiilication,  but  lead  to  incorrect  proportionings  which,  in  extreme 
cases,  amount  to  absurdities. 

Tiie  assumption,  made  by  some  engineers,  that  the  effect  of  the  roll- 
ing load  on  all  parts  of  a  railway  bridge  is  twice  as  great  as  that  of  an  equal 
dead  load,  is  manifestly  erroneous,  and  the  assumjation  that  the  effect  of 
the  live  load  in  highway  bridges  is  the  same  as  that  of  an  equal  dead  load, 
excejating  the  variations  due  to  the  transient  nature  of  the  load,  is  equally 
incorrect.  It  is  evident  that  the  effect  of  impact  and  vibration  must 
vary  with  the  rapidity  of  application  of  the  load;  that  it  mast  be  greater 
on  the  floor  members  and  on  the  primary  web  members,  and  decrease  for 
every  member  as  the  stress  in  that  member  is  composed  of  a  greater 
number  of  accumulative  parts  from  different  panels.  The  writer's  as- 
sumption in  his  specifications  is  that  the  dynamic  effect  of  the  load  in 
railway  bridges  will  exceed  the  static  effect  of  the  same  load  by  100  per 
cent,  on  the  riveted  connections  of  stringers  and  floor  beams,  that  this 
excess  will  be  reduced  to  50  per  cent,  on  the  primary  members,  and  will 
decrease  to  zero  at  the  end  of  a  500-foot  sjian.  The  percentage  to  be 
added  for  impact  can  then  be  readily  found  for  each  member  by  the 
formula  for  interpolation, 
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where  d  is  the  distance  of  the  members  under  consideraiion  from  the 

center  of  the  span.     If  the  formula  12  000  —  60  -  used  by  Mr.  Wad- 

dell  for  hinged  vertical  posts  represents  fairly  the  results  of  actual  tests, 
it  would  be  more  convenient  to  apply  it  than  Baukine's  formula.  This 
is  a  matter  of  investigation.  We  now  have  a  sufficient  number  of  tests 
on  record  of  full  size  ^rts  of  different  shapes  to  verify  the  formula. 

We  should  not  lose  sight  of  the  fact,  however,  that  no  reliable  form- 
ula for  the  working  stress  of  compression  members  can  be  deduced  from 
l^ast  experiments,  for  the  reason  that  all  these  experiments  have  been 
made  to  determine  the  ultimate  strength  of  the  struts  experimented 
upon;  less  care  and  uniformity  of  method  having  been  used  to  determine 
thoir  elastic  limit,  which  should  be  the  proper  basis  for  the  working 
stress.  There  is  no  gi*eater  desideratum  at  the  present  time  for  engi- 
neers interested  in  metallic  construction  than  an  exhaustive  and  system- 
atic set  of  experiments  on  the  elastic  limit  of  large  compression  mem- 
bers, where  the  influence  of  the  four  principal  factors,  viz.,  quality  of 
material,  shape  of  cross-section,  ratio  between  length  and  radius  of  gyra- 
tion and  nature  of  end  attachments,  would  be  correctly  determined. 
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With  regard  to  Mr.  Waddell's  reference  to  the  value  of  the  working 
stress  for  a  steel  post,  deduced  from  thewi-iter's  specifications,  which  he 
considers  as  excessive,  it  seems  suliicient  to  say  that  this  value  is  well 
within  one-half  of  the  limit  of  elasticity  of  the  metal,  and  therefore  en- 
tirely safe;  considering  that  the  ratio  —  being  supposed  to  be  less  than 

r 

50,  the  flexion  formula  for  posts  does  not  apply.  It  is  also  well  to  bear 
in  mind  in  comparing  values  of  working  stresses  of  different  specifica- 
tions, that  where  they  include  the  effect  of  impact  reduced  to  static  value 
they  must  necessarily  be  greater  than  where  they  do  not. 

Combined  Stresses. — For  wind  stresses  or  a  combination  of  wind  and 
other  stresses,  the  writer  si^ecifies  a  maximum  working  stress  of  25  per 
cent,  in  excess  of  the  working  stresses  without  wind,  which  is  equivalent 
to  five-eighths  instead  of  one-half  of  the  elastic  limit.  This  is  considered 
allowable  on  account  of  the  rare  occurrence  of  winds  of  such  intensity  as 
are  assumed  in  the  calculation.  Formerly  this  working  stress  w  as  taken 
as  three-fourths  of  the  elastic  limit;  it  has  been  reduced  by  the  writer  to 
five-eighths,  in  consideration  of  the  rhythmic  action  of  the  wind,  which 
causes  a  certain  amount  of  impact  and  considerable  vibration. 

The  writer  concurs  with  Mr.  Waddell's  method  of  treatment  of  the 
end  posts  in  through  bridges,  excepting  as  to  the  maximum  value  of 
the  working  stress  under  the  combined  effect  of  the  wind  and  other 
loads,  which  he  thinks  should  not  exceed  five-eighths  of  the  elastic 
limit  as  explained  above.  It  seems  inconsistent  to  admit  20  000  and 
24  000  pounds  for  the  combined  action  of  the  wind,  when  the  working 
stress  without  wind  is  limited  to  9  000  pounds.  I  hope  Mr.  Waddell 
will  give  us  his  reason  for  doing  so. 

Referring  to  the  subject  of  plate  gii'ders,  the  web,  if  made  thick 
enough  to  give  sufficient  bearing  for  the  flange  rivets,  will  generally 
with  proper  stiffening  be  found  to  be  of  ample  strength.  The  only  point 
likely  to  be  weak  is  at  the  ends,  especially  if  the  height  there  has  been 
reduced  for  a  shallow  seat;  it  may  be  necessary  to  reinforce  the  web 
with  thickening  plates  in  addition  to  the  stiffeners.  Deep  plate  girders 
with  thin  webs  properly  stiffened,  act  more  like  trusses  than  solid  beams; 
although  the  web  plate  participates  to  a  small  extent  in  resisting  the 
bendings,  it  is  safer  to  assume  that  the  whole  duty  falls  on  the  flanges. 
The  web  is  generally  spliced  with  regard  to  shearing  only;  if  it  is  relied 
upon  to  resist  any  part  of  the  bending  moment,  it  should  be  spliced 
accordingly,  and  wider  jjlates  and  a  greater  number  of  rivets  will  be 
required  than  are  generally  used.  When  flange  plates  have  to  be  used, 
it  is  important  to  have  as  much  metal  as  jiracticable  in  the  flange  angles, 
as  they  are  certainly  strained  more  than  the  plates,  owing  to  the  eccen- 
tricity of  the  web  attachment  and  the  unequal  distribution  of  stresses. 

Oeneral  Details  of  Conslruction. — In  the  writer's  ojiinion,  the  details 
and  the  general  design  are  of  equal  imijortance,   because  all  the  ad- 
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vantages  of  a  good  design  may  lie  lost  through  faulty  details.  Greater 
progress  has  been  made  perhaps  in  the  design  of  details  then  in  any 
other  branch  of  the  art.  If  we  are  yet  too  far  from  perfection  to  rest  on 
fixed  standards,  even  for  ordinary  spans,  we  should,  for  the  purpose  of 
criticising  our  own  work,  keep  in  mind  the  principal  characteristics  of 
good  details,  viz. :  1st.  An  arrangement  such  as  will  secure  the  inde- 
pendent action  of  the  several  parts,  as  intended  in  the  general  design, 
and  prevent  one  class  of  members  from  sharing  in  the  duties  of  another, 
or  doing  work  which  it  was  not  designed  to  do.  2d.  The  avoidance,  as 
far  as  practicable,  of  secondary  stresses,  such  as  bending  moments  in 
tension  and  compression  members,  which  are  liable  to  be  overlooked, 
causing  an  excess  of  working  stress  in  these  members,  or  if  properly 
considered,  leading  to  an  expensive  increase  of  sections.  3d.  A  form  and 
disposition  of  parts  that  will  insure  as  nearly  as  possible  a  uniform  dis- 
tribution of  stress  through  the  sections,  which  requires  a  close  coinci- 
dence of  the  resultant  lines  of  stresses  with  the  centers  of  gravity  of 
sections.  4th.  If  the  above  conditions  cannot  be  entirely  fulfilled,  the 
details  should  be  such  at  least  as  to  permit  a  corr^  ct  analysis,  that  will 
leave  no  ambiguity  as  to  the  distribution  of  stresses.  5th.  Tension  in 
rivets  should  be  entirely  prohibited,  and  the  position  of  field  rivets 
should  be  such  as  to  give  ample  room  for  good  work. 

The  1st  and  5th  conditions  should  prohibit  the  riveting  of  both  ends 
of  stringers  to  floor  beams,  excepting  for  very  short  spans.  It  is  best  to 
have  a  riveted  connection  at  one  end  only  of  each  stringer,  with  a  slip 
joint  at  the  other.  This  is  in  no  way  i^rejudicial  to  the  rigidity  of  the 
structure,  which  is  entirely  secured  by  the  horizontal  lateral  system.  A 
continuous  length  of  150  feet  of  rigidly  connected  stringers  is  too  great; 
the  elastic  elongation  of  the  chord  for  that  length  due  to  the  live  load 
would  be  in  the  neighborhood  of  one-third  inch,  which  is  sufficient  to 
create  a  very  objectionable  tension  in  the  riveted  connections  and  undue 
stresses  in  the  stringers  and  floor  beams. 

The  writer  agrees  with  Mr.  Waddell  in  condemning  beam  hangers, 
with  screw  ends,  but  does  not  see  any  objection  to  the  suspended  floor 
beam  if  properly  connected  otherwise  with  the  chord  to  transmit  the 
wind  stress;  it  secures  a  better  distribution  of  the  panel  load  at  the 
panel  point  than  a  riveted  side  connection  of  the  beam  with  the  post. 
In  double  track  bridges  the  riveted  connections  to  posts  are  open  to  the 
further  objection  of  unduly  straining  the  rivets  and  causing  undue 
bending  moments  in  beams  and  posts,  owing  to  the  unequal  deflexion  of 
the  two  trusses  when  one  track  only  is  loaded;  this  is  pi-obably  the  rea- 
son for  prescribing  susjiended  floor  beams  in  double  track  bridges  on 
the  Atchison,  Topeka  and  Santa  Fe  road. 

The  writer  Avould  not  dispense  with  the  reaming  of  rivet  holes  in 
mild  steel,  and  believes  in  reaming  iron  as  well  when  a  full  duty  is  ex- 
pected from  the  rivets.     Reaming  is  the  only  sure  way  of  securing   an 
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exact  coincidence  of  rivet  holes,  Avbicli  is  an  essential  condition  for  good 
work.  Another  reason  for  not  dispensing  with  reaming  in  steel  plates  is 
the  well  known  fact  that  hard  spots  are  of  frequent  occurrence  in  the 
softest  steel. 

The  length  of  stay-plates  at  the  ends  of  compression  members  is  a 
very  important  item;  their  function  is  to  distribute  the  stress  uniformly 
through  the  section;  and  they  should  be  long  enough  and  have  a  sulHcient 
number  of  rivets  to  do  so  in  the  most  unfavorable  case  that  can  and  does 
happen,  where  the  bearing  is  altogether  on  one  side  of  the  post.  The 
influence  of  the  end  i^late  on  the  carrying  cajjacity  of  built  posts  was 
clearly  illustrated  in  several  instances  of  column  tests  made  by  the 
writer. 

The  latticing  between  posts  should  also  be  made  stronger  and  more 
substantial  than  is  generally  done  ;  it  should  be  proportioned  to  the 
weight  of  the  post,  and  the  lattice  bars  made  stifl'  enough  to  preserve 
their  shape  in  handling  members  before  erection.  Bent  lattice  bars  are  a 
noticeable  feature  in  nearly  every  bridge  through  the  country;  this  is 
proof  enough  that  they  are  generally  made  too  weak. 

H.  H.  FiLLEY,  M.  Am.  Soc.  C.  E. — Although  bridge  designing  has 
been  one  of  the  leading  subjects  of  investigation  among  the  engineers  of 
this  country  for  a  generation  past,  the  subject  is  by  no  means  worn 
threadljare,  and  from  this  resume  of  disputed  points  by  Mr.  Waddell, 
the  conviction  is  strengthened  that  enough  still  remains  to  keep  the 
subject  well  to  the  front  for  a  long  time  yet.  There  is  one  fact  which 
the  author  states  concerning  live  loads  in  bridge  calculations  that  should 
not  be  lost  sight  of  in  considering  different  methods  of  calculation,  viz., 
"It  must  be  acknowledged,  therefore,  that  all  assumed  loads  for  com- 
puting stresses  in  bridges  are  merely  typical."  The  engine  diagram 
nicely  drawn  to  scale,  with  its  careful  spacing,  its  large  driving  wheels 
and  its  small  leading  and  tender  wheels,  look  so  rational  and  real  that 
it  is  little  wonder  that  we  find  ourselves  looking  upon  it  as  showing 
the  exact  loads  to  be  taken  care  of ;  but  it  is,  in  fact,  only  an  aj^proxi- 
mation.  Probably  the  nearest  approximation  in  use,  and  yet  not  near 
enough  to  warrant  the  condemning  of  a  simpler  substitute  on  account  of 
discrepancies  of  2  or  3  per  cent,  in  the  results. 

I  am  not  disposed  to  the  extreme  views  entertained  by  some,  that  the 
use  of  engine  concentrations  has  been  an  unmixed  evil  in  this  country, 
but  am  strongly  of  the  opinion  that  the  average  railroad  bridge  built 
during  the  past  ten  years,  is  better  projjortioned  on  account  of  it.  The 
results  obtained  from  its  use  seem  to  give  satisfaction,  and  are  what  the 
advocates  of  uniform  loads  are  trying  to  obtain,  and  they  are  willing  to 
accept  them  as  the  standard  lor  checking  their  shorter  methods.  For 
that  puri^ose,  I  believe  this  method  should  still  be  retained;  but  for  the 
every-day  work  of  the  engineer  in  dealing  with  ordinary  girders  and 
trusses,  it   seema   analogous   to  the  taking  of  ground  readings  to  the 
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nearest  hundredth  of  a  foot  in  ordinary  earth-work  cross-sectioning^. 
The  result  is  a  vast  amount  of  office  work  with  quantities  carried  out  to 
three  or  four  places  of  decimals,  but  actually  no  nearer  the  true  volume 
than  could  have  been  obtained  from  half  the  work.  If  to  the  expert, 
who  from  continuous  practice  is  enabled  to  apply  numerous  short-cut 
rules  in  his  computations,  the  engine  concentration  method  is  a  "burden 
grievous  to  the  borne,"  what  is  it  relatively  to  the  railway  engineer,, 
who,  in  addition  to  his  other  manifold  duties,  is  called  upon  to  check 
the  calculations  of  half  a  dozen  bridge  companies  every  time  he  is 
allowed  to  replace  an  old  wooden  with  a  new  metal  bridge — this  per- 
mission usually  occurring  at  such  rare  intervals  that  at  each  "  letting  "" 
he  finds  himself  as  rusty  on  the  subject  as  he  was  at  the  former.  The 
results  which  Mr.  Waddell  has  obtained  for  truss  spans  are  especially 
gratifying.  If  the  variation  is  found  to  be  no  greater  with  different 
panel  lengths,  ranging  from  20  to  30  feet,  it  would  seem  amply  accurate 
for  ordinary  use. 

Much  routine  labor  may  also  be  saved  to  both  the  railroad  and  bridge 
engineer,  by  the  more  extensive  adoption  of  standards.  There  are,  of 
course,  cases  on  every  railway  system  of  any  considerable  extent,  where 
the  most  complete  set  of  standards  must,  from  local  considerations,  be 
discarded,  but  svich  cases  are  not  numerous.  In  jjreparing  such  stand- 
ards no  attempt  should  be  made  to  include  skew  and  such  other  ex- 
ceptional structures  as  bridges  for  spanning  large  navigable  rivers, 
but  all  ordinary  cases  may  be  fully  covered.  The  length  should  vary 
by  not  more  than  5  or  6  feet,  up  to  clear  sjjans  of  30  or  40  feet;  by  not 
more  than  10  or  12  feet  to  spans  of  150  or  160  feet  and  for  longer  spans 
by  not  more  than  15  to  20  feet.  Some  engineers  have  adojited  stand- 
ards, good  so  far  as  they  go,  but  varying  by  so  great  a  length  that  in 
too  many  cases  they  lead  either  to  useless  extravagance  or  dangeroiis 
economy.  With  spans  varying  by  30  feet,  there  is,  perha^js,  as  much 
danger  of  making,  in  any  particular  location,  the  opening  15  feet  too 
short  as  15  feet  too  long,  depending,  of  course,  somewhat  on  how 
prominently  the  economic  needs  of  the  company  are  impressed  upon 
the  mind  of  the  engineer.  The  jiroposed  increase  of  clear  roadway  for 
through  bridges,  would  doubtless  give  additional  security,  and  may 
well  be  carefully  considered  by  engineers  in  prejjaring  standards. 
Where  piers  or  abutments  are  high,  the  increased  roadway,  of  course, 
adds  quite  an  item  to  the  cost  of  substructure. 

Probably  the  next  consideration  in  order  of  importance,  after  de- 
termining lengths  of  spans  and  widths  of  roadway,  is  depth  of  floor 
system  and  number  and  spacing  of  track  stringers.  These  dimensions 
should  all  be  fixed  before  proceeding  to  design  standards  for  sub- 
structures. There  should  also  be  standard  designs  for  the  flanges  of 
stringers,  to  facilitate  the  sizing  and  framing  of  cross-ties  in  the 
shop.     This  is  especially  desirable  where  timber  is  to  be  creosoted. 
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Where  roads  j^ass  through  thickly  settled  districts,  it  will  be  well  to 
design  a  si)ecial  floor  system  of  the  least  practicable  dejjth  for  over- 
head crossings.  With  our  present  knowledge  and  experience,  the 
standardizing  of  bridge  superstructure,  need  not  stop  with  the  four 
or  five  sets  of  dimensions  already  mentioned.  Before  commencing  the 
l)ermanent  bridging  of  a  line,  the  Chief  Engineer,  together  with  an 
expert,  if  necessary,  should  take  up  the  subject  systematically  and 
prepare  complete  designs  for  standard  spans.  Avoid  such  unusual 
shaijes  and  details  as  cannot  readily  be  produced  at  any  well  equipjied 
bridge  shoj). 

In  any  such  set  of  standards  there  will,  of  course,  be  defects,  and 
it  will  be  found  in  time  that  the  designs  are  behind  the  times 
and  a  revision  is  necessary.  In  the  meantime  the  engineer  will, 
however,  have  gained  an  experience  from  the  use  of  several  bridges 
of  a  kind  under  identical  conditions  of  service,  which  will  enable 
him  to  determine  whether  the  defects  develoj^ed  are  faults  of 
material,  Avorkmanshij),  or  design,  with  much  more  certainty  than 
he  possibly  could  if  each  structure  was  made  from  a  separate 
design.  He  would  also  avoid  the  unsatisfactory  task  of  wading 
through  a  half  dozen  or  more  sets  of  i)lans  and  checking  as  many 
sets  of  calculations  for  every  bridge  contract  let  (usually  in 
a  great  hurry,  as  when  an  iron  bridge  is  decided  upon,  it  is 
wanted  right  away),  and  finally  adojjting,  on  account  of  price,  a 
bridge  less  desirable  than  he  intended,  because  some  bridge  com- 
jjany  had  taken  advantage  of  some  loophole  in  the  sijecitications 
and  "skimped"  in  places  without  actually  violating  their  require- 
ments. That  our  American  method  of  bridge  letting,  which  has 
stimulated  competition  in  designing,  as  well  as  workmanship  and 
in'ices,  has  been  a  j^otent  factor  in  bringing  the  American  railway 
bridge  to  its  jn-esent  state  of  excellence,  is  doubtless  true;  but  it  is 
also  equally  evident,  that  in  very  many  cases,  this  comi^etition  in 
design  has  been  carried  too  far.  There  seems  now  to  be  sufficient 
uniformity  in  the  designing  of  ordinary  spans  to  justify  the  calling 
of  a  halt  in  this  branch  of  the  comjjetition.  Let  the  railroad  com- 
panies spend  some  of  the  money  which  such  designing  costs,  in  more 
liberal  details  and  better  floor  systems. 

A  rational  formula  for  the  "intensities  of  working  stresses,"  it 
seems  to  me  should  begin  with  sti-ietly  static  loads.  Starting  from 
this  basis,  the  efi'ect  of  imjjact  and  vibration  caused  by  different  kinds 
of  variable  or  moving  loads  may  be  provided  for,  either  by  additions 
to  calculated  stresses,  or  by  subtractions  from  dead  load  intensities. 
By  comparing  several  sets  of  specifications  in  common  use,  I  find  the 
ordinary  intensities,  in  tension  members,  of  railway  bridges,  to  be,  for 
"  eye-bars  "  about  54  to  64  per  cent.,  and  for  "  i^lates  and  shapes  "  about 
46  to  56  jjer  cent,  of  the  specified  minimum  elastic  limit  of  the  metal. 
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By  comparing  si)ecilications  for  iron  work  only,  tlie  deviations  of  prac- 
tice are  found  to  be  somewhat  less;  with  long  compression  members, 
of  course,  practice  differs  by  a  much  greater  amount,  yet  very  rarely 
to  the  extent  shown  by  the  author  in  comparing  Mr.  Cooi^er's  with 
Mr.  Bouscai'en's  specifications,  in  the  rather  exceptional  case  of  a 
post  which  carries  no  dead  load.  But  even  in  that  case,  as  I  read 
Mr.  Bouscaren's  sijeciflcation  (1890  Edition),  the  actual  working  in- 
tensity would  be  reduced  (from  the  12  000  jjounds  per  square  inch  as 
stated)  by  his  addition  to  calculated  live  load  stresses,  to  provide  for 
impact  and  vibration,  viz. : 

"For  web    members   of     trusses  50    (l  —  ^^  )  per  cent.,  where 

d=  distance  of  member  from  center  of  truss."  If,  therefore,  the 
post  under  consideration  is  at  the  third  panel  point  of  a  250-foot  span 
with  25-foot  panels,  or  50  feet  from  the  center  of  the  truss,  the  added 
allowance  is  40  jaer  cent,  of  the  live  load  stress  and  the  actual  in- 
tensity becomes  12  000 -i-  1.4  =  8  571  jjounds  per  square  inch,  or  about 
43  per  cent.,  instead  of  100  per  cent.,  over  that  obtained  by  Mr. 
Cooj^er's  specifications — still,  however,  quite  a  serious  discrepancy. 
We  can  hardly  hoj)e  that  all  diff'erences  of  opinion  concerning  "in- 
tensities of  working  stresses,"  will  be  reconciled  in  the  near  future; 
at  least,  till  there  is  more  uniformity  in  the  quantity  of  metal  used  as 
well  as  workmanship  in  construction,  followed  by  a  systematic  series 
of  tests  on  full  size  members  to  establish  a  safe  mean  for  all  desiralde 
lengths  and  shapes.  But  if  all  bridge  engineers  could  agree  to  begin 
the  solution  of  the  problem  at  the  same  end,  and  consider  the  strains 
from  each  kind  of  loading  separately  throiighout,  as  Mr.  Cooj^er  is  now 
doing  in  truss  members;  it  seems  more  than  probable  that  many  of  the 
present  differences,  which  are  often  more  the  result  of  individual  taste 
in  the  use  of  formulas  than  of  evidence  obtained  from  indei^endeut  in- 
vestigations or  experience,  would  gradually  disappear. 

If  any  i^art  of  a  bridge  must  be  skimped,  it  certainly  should  not  be 
the  floor  system,  and  this  should  apply  to  ties  and  guard  rails  as  well 
as  the  stringers  and  cross  beams.  The  author's  practice  of  bolting  down 
through  the  stringer  flanges  instead  of  using  hook  bolts  is  good;  not 
that  the  hook  bolts  are  inefficient,  but  one  of  tlie  important  features  of  a 
floor  should  be  the  absence  of  bolt  ends,  nuts  and  other  projections 
which  would  catch  anything  sliding  over  it,  as  a  brake  beam  or  broken 
down  truck  or  car;  therefore  the  bolt  should  pass  down  through  the 
flange,  with  nut  on  the  lower  end,  while  the  head  and  upper  washer 
shoiild  be  countersunk  into  the  tie  or  guard  rail  whenever  the  stringer 
spacing  will  permit.  The  bolting  of  every  tie  to  the  stringer  seems 
unnecessaiy,  especially  Avith  stringers  8  feet  apart  or  more.  The 
dapping  of  guard  rails  2  inches  over  ties  with  only  5-inch  sjjaces  be- 
tween dajjs  is  objectionable,  although  the  2-inch  projection,  acting  as 


DISCUSSION    OX    KAILWAY    BRIDGE    DESIGNING.     .  189 

a  separating  l)lock,  gets  a  Letter  liold  on  the  tie  tlian  a  less  depth 
would;  but  it  is  more  likely  to  split  off  and  be  lost  entirely.  Probably 
the  surest  way  to  prevent  the  bunching  of  ties  on  a  bridge  is  by  means 
of  separating  blocks  securely  fastened  between  the  ties.  Where  the 
stringer  spacing  is  wide,  as  on  long  deck  girder  bridges  and  viaducts, 
requiring  a  tie  of  considei"al)ly  more  depth  than  breadth,  very  satis- 
factory results  have  been  obtained  by  uniting  them  in  2)airs  by  means 
of  a  bolt  and  separating  block  at  each  end,  with  seijarating  blocks  also 
between  the  j^airs. 

Oak  timber  is  more  apt  to  warp  and  check  in  seasoning  than  pine. 
These  defects  can,  to  a  great  extent,  be  obviated  by  a  little  attention 
to  the  felling  of  trees  at  the  proper  time  and  protecting  the  timber 
from  sun  and  wind  while  seasoning.  Oak  ties  should  be  nearly  square 
in  section  up  to  nine  or  ten  inches,  as  the  timber  warjis  less  than  when 
one  dimension  is  much  greater  than  the  other.  Oak  holds  a  track 
spike  better  than  pine,  which  is  a  desirable  quality,  for,  besides  the 
danger  of  the  track  sjjreading  when  spikes  get  loose,  water  follows 
them  into  the  wood  and  decay  begins.  I  do  not  understand  that  i)ine 
is  exemi)t  from  dry  rot,  at  least  some  kinds  of  mountain  pine  are  so 
affected. 

If  re-railing  devices  and  collision  piles  are  used,  they  should  be 
placed  so  far  away  that  whatever  of  good  or  evil  they  do  to  a  derailed 
car  may  be  fully  accomplished  before  the  car  reaches  the  bridge. 
Neither  the  number  nor  efficiency  of  guard  rails  should  be  reduced  on 
account  of  such  devices,  for  it  sometimes  happens  that  a  truck  is  so 
slewed  that  it  will  not  keep  the  track  for  any  distance,  even  if  effectu- 
ally replaced  by  such  means. 

Bridge  ties  should  be  amijle  in  dimensions  and  closely  spaced, 
with  at  least  inside  and  outside  guard  rails  made  smooth  and  continu- 
ous the  full  length  of  the  structure — for  the  same  reason  that  bolt 
ends,  nuts,  etc.,  should  not  be  allowed  to  jn'oject  above  them.  When 
ties  are  close  sj)read,  12  or  more  feet  in  length,  of  suitable,  well  sea- 
soned or  chemically  prej^ared  timber,  they  aggregate  a  considerable 
item  of  expense,  and  their  preservation  becomes  a  subject  worth  care- 
ful consideration.  Bolt  and  spike  holes  are  doors  for  the  admission  of 
moisture  and  their  number  should  be  reduced  to  a  minimum.  The 
cuts  and  bruises  from  the  flanges  of  a  single  pair  of  Avheels  off  the 
track  may  reduce  the  life  of  a  set  of  ties  l)y  one-half.  This  fact,  to- 
gether with  the  desirability  of  reducing  the  shocks  prodiTced  by  de- 
railed wheels,  has  led  to  the  consideration  of  this  i^roi^osed  plan  (Plate 
XXI),  which  is,  for  the  most  part,  a  combination  of  several  well 
tried  features  picked  up  from  the  practice  of  different  railways.  The 
separating  blocks  of  cast  iron  for  4-inch  clear  sjiacing  will  weigh  about 
7  pounds  each,  and  may  be  secured  to  each  tie  with  a  wood  screw,  or  in 
l^airs  to  each  alternate  tie,  with  a  machine  bolt.     If  ties  are  to  be  creo- 
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soted  these  holes  may  be  bored  before  treatment.  "Where  sei^arating 
blocks  are  used  and  stringer  spacing  -will  permit,  the  holding  down 
bolts  may  merely  j)ass  between  the  ties,  engaging  only  the  guard  rail 
and  stringer  flange. 

The  turning  of  the  horizontal  edge  of  the  angle  iron  used  for  the 
inside  guard  rail  toward  the  rail,  providing  a  smooth  path  for  the  flange 
of  a  derailed  wheel,  is  not  new;  but  the  addition  of  a  plate  for  the  same 
purjiose  outside  the  rail  and  riveting  both  to  angle  iron  cross  bars  in- 
stead of  bolting  or  spiking  to  the  ties,  are  only  the  propositions  for  the 
consideration  of  those  who  may  be  interested  in  the  improvement  of 
bridge  floors.  If  the  comjDany  can  afiord  old  or  light  rails  for  addi- 
tional inside  guards,  as  shown  on  the  left  half  of  the  plan,  the  security 
will  be  increased.  Longitudinal  planks  covering  the  ends  of  the  ties 
may  also  be  of  service. 

John  Steeling  Deans,  M.  Am.  Soc.  C.  E. — The  paper  recently  pre- 
sented to  the  Society  by  Mr.  J.  A.  L.  Waddell  embraces  subjects  of 
the  greatest  interest  in  an  imj^ortant  branch  of  engineering  and  as  such 
should  be  thoroughly  discussed  as  requested  by  the  author.  The  first 
point  in  the  paper  on  which  there  is  certainly  great  difi'erence  of  ojun- 
ion,  is  in  fixing  the  limit  at  which  jjlate  girder  construction  shall  be 
used,  at  100  feet.  In  the  opinion  of  the  writer  this  limit  is  much  too 
great  and  it  is  not  a  wise  expenditure  of  money  to  pay  for  the  extra 
cost  of  construction  in  sj^ans  of  over  75  feet.  Above  this  length  the 
chords  and  diagonals  of  a  well  designed  lattice  girder  are  necessarily 
of  such  a  size  as  to  admit  of  a  satisfactory  arrangement  of  rivet  spacing 
at  important  connections,  and  also  to  make  it  possible  to  have  the  centers 
of  gravity  of  the  various  members  intersect  at  one  point,  so  that  the 
question  of  secondary  stresses  is  reduced  to  one  of  little  practical  im- 
portance. An  engineer  with  the  latest  improved  system  of  power 
riveting  at  his  command  does  not  seem  warranted  in  adopting  jjlate 
girder  construction  of  over  75  feet  lengths.  This  extra  exjjense  is  not  one 
sim^jly  of  extra  metal,  but  of  extra  shop  cost,  handling  and  erection  in  .the 
field.  Again,  in  a  lattice  girder  internal  forces  act  along  well  defined 
lines,  and  in  this  respect  it  more  nearly  apjjroaches  the  perfect  "Ameri- 
can "  pin-connected  truss  and  diflers  materially  from  the  plate  girder, 
in  which,  as  Mr.  Waddell  suggests,  the  exact  manner  of  stress  distri- 
bution is  an  ojjen  question.  The  lattice  girder  design  can  be  econom- 
ically and  satisfactorily  used  up  to  spans  of  135  feet;  beyond  this  the 
sections  become  unwieldy  for  riveted  connections  and  the  pin  style  of 
truss  should  be  used.  At  this  day,  with  so  many  numerous  examples 
about  him,  no  engineer  should  be  ujiheld  in  using  anything  but  a 
single  intersection  main  web  system  for  the  longest  and  heaviest  truss 
spans. 

Live  Lodds. — Under  this  heading  Mr.  Waddell  strongly  advocates 
the  adoption  of  standard  uniform  live  loads,  as  against  Avheel  concen- 


I 


PLATE  XXI. 
TRANS.  AM.  SOC    CIV.  ENGS. 
VOL.  XXVI,  NO.  522. 
FILLEV  ON    RAILWAY  BRIDGE  DESIGNS. 


mA. 


~Y 


© 


ICZ 


r(l 


T^ 


lUjLi 


"^Ar^bU\       Baw 


J_J. 


=3 


^n 


^tfl 


^E-CTIOM    o|i    AlP) 


PlAM 


Detail  of  ^EPAmrme   l^uocK. 


DISCUSSION   ON    RAILWAY    BRIDGE    DESIGNING.  191 

trations;  not  that  it  is  the  mofe  exact  method,  but  in  order  to  relieve 
the  burden  of  the  bridge  computer.  The  writer  is  well  aware  of  the 
character  of  such  computations  and  of  the  really  enormous  amount  of 
unnecessary  woi'k  put  on  the  bridge  engineer,  biat  thinks  it  is  not 
caused,  as  Mr.  Waddoll  intimates,  by  simply  being  called  ujiou  to  use 
wheel  concentrations  in  determining  the  stresses  in  various  members, 
but  by  the  innumerable  kinds  of  loading,  differing  by  an  inch  or  two 
in  wheel  si^acing  and  by  a  few  pounds  in  weight  on  axles.  That  com- 
putations by  wheel  concentrations  for  a  fixed  load,  give  the  more 
exact  result  is  not  disputed,  and  it  is  certainly  the  manner  in  which 
loading  is  ajjplied  to  a  railway  structure.  It  would  seem  to  be  more 
logical  to  adopt  certain  standard  engine  and  train  loads,  and  wheel 
spacing. 

By  adopting  a  heavy  and  light  type  for  the  "Consolidation," 
"Mogul,"  and  "Passenger"  engines,  and  light  and  heavy  train  loads, 
all  cases  would  be  covered.  With  these  two  types  settled  ui3on  and 
moment  tables  figured,  the  computer  would  soon  be  familiar  with  the 
loading  which  would  give  maximum  results  without  trial,  and  it  is  a 
question  whether  it  would  uot  be  the  easier  method,  as  it  is  certainly 
the  better  one  to  present  to  the  average  railroad  officer.  The  latter 
would  always  question  the  jaropriety  of  using  a  uniform  load,  even 
though  it  might  really  closely  api^roximate  to  an  equivalent  load, 
when  he  is  aware  that  his  bridge  is  subjected  to  the  action  of  loads 
placed  on  it  through  axles  and  wheels.  The  writer  believes  that  much 
more  can  be  said  against  the  ridiculous  variety  of  types  than  against 
the  method  of  comisuting  stresses;  he  also  believes  that  the  great 
number  of  specifications  which  every  railroad  consulting  engineer, 
and  insjjection  bureau,  seem  to  think  it  is  absolutely  essential  should 
be  used  in  designing  their  jjarticular  structures,  are  the  cause 
of  much  the  greater  part  of  the  bridge  engineer's  work.  No  one  not 
actually  engaged  in  the  designing  and  constructing  of  bridges  has  any 
conception  of  the  mental  labor  involved  nor  the  wearing  effect  of  being 
compelled  to  work  with  these  myriad  specifications,  differing  often  in 
really  minor  jaarticulars ;  but  these  differences  must  not  be  overlooked, 
as  they  are  each  and  all  considered  of  vital  importance  by  the  author 
of  the  specifications.  As  a  sample  of  these  differences,  a  prominent 
railroad  company  calls  for  its  steel  eye-bars  to  fill  the  following  specifi- 
cations: 

Ultimate  strength  at  least  56  000  pounds  jjer  square  inch. 

Elastic  limit  at  least  33  000  pounds  per  square  inch. 

Minimiim  stretch  of  10  per  cent. 
While  another  equally  prominent  company  believes  it  is  essential  in 
order  to  secure  first  class  work  to  have  its  eye-bars,  having  precisely 
the  same   duty   to   perform   as   those   first   mentioned,  manufactured 
according  to  the  following  specifications: 
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Ultimate  strength  at  least  61)  000  pounds  per  square  incLi. 

Elastic  limit  at  least  30  000  pounds  per  square  incli. 

Minimum  stretcli  of  15  per  cent. 
This  is  only  one  instance  out  of  hundreds  of  the  differences  met  -svith, 
and  in  fact  is  hardly  a  fair  sample  in  order  to  make  my  jjoint,  for  in  such 
an  important  member  as  an  eye-bar  there  may  be  some  excuse  for  great 
difference  of  opinion  as  to  the  best  siaecifications  and  best  mode  of 
manufacture  to  follow.  There  are  many  cases  known,  in  which  there 
appears  to  be  not  the  slightest  reason  or  excuse  for  differing  from  the 
regularly  accejited  practice.  The  j^arties  or  society  that  are  instru- 
mental in  securing  a  standard  bridge  sisecitication,  or  say  two  or  three 
standards  (as  it  would  probably  be  well  to  jn'ovide  for  first,  second  or 
even  third  class  construction  and  loads),  would  indeed  be  entitled  to 
the  gratitude  of  not  only  the  bridge  engineers  of  the  country,  but  that 
sorely  burdened  class,  the  bridge  constructors.  It  is  next  to  impossible 
for  these  constructors  to  so  arrange  their  shoja  practice  and  mill  pro- 
cesses, as  to  meet  the  various  whims  of  all  authors  of  sijeciflcations.  It 
would  seem  as  if  this  matter  of  a  standard  specification  could  be 
settled  upon  much  easier  than  a  standard  uniform  loading,  and  in  fact, 
if  specifications  continue  to  be  added  to  the  present  long  list,  the 
question  must  be  met.  As  long  as  engines  and  cars  are  used  to  load 
structures,  it  will  always  be  more  rational  to  iise  typical  engines  and 
cars  in  designing  them,  and  in  the  opinion  of  the  writer  we  must  look 
to  the  "Standard  Specification  "  to  relieve  the  sorely  tried comjjuter  in 
whose  interest  Mr.  Waddell  has  taken  uj)  the  subject. 

Fkedekick  H.  Smith,  M.  Am.  Soc.  C.  E. — In  discussion  of  Mr. 
Waddell's  timely  jjaper,  I  would  say,  that  his  remarks  on  the  flimsiuess 
of  web  systems  resulting  from  excessive  curvature  of  top  chords  recalls 
the  controversy  on  this  subject  which  raged  in  the  early  fifties.  The 
builders  of  arched  or  bow  string  bridges  thought  the  world  could  get 
along  with  sjjider  web  systems  in  bridges;  the  Howe  truss  men  admitted 
that  arches  had  their  uses  occasionally,  but  only  as  auxiliaries  to  trusses 
with  heavy  web  systems,  and  McCallum  combined  the  two  jjlans  by 
mounting  an  arched  top  chord  on  end  arched  braces,  and  lightened  up 
his  web  system  about  ijrojjortionally.  In  1852  a  committee  of  engineers 
examined  and  reported  on  a  McCallum  bridge  of  200  feet  span  over  the 
Susquehanna  River  at  Lanesboro,  Pa. ,  and  in  1852-53  much  of  our  en- 
gineering class- work  at  Pittsburgh  was  devoted  to  the  discussion  of  this 
siibject.  In  the  fullness  of  our  wisdom  we  decided  that  McCallum's 
combination  of  the  two  plans  Avas  worthy  of  our  valuable  eommeuda- 
tiou,  but  that  he  was  not  the  first  to  build  bridges  embodying  siich 
combination;  as  we  measured,  illustrated,  computed  and  discussed  sev- 
eral small  bridges  in  Allegheny  County  which  had  laminated  curved 
top  chords,  vertical  end  posts,  and  variously  inclined  braces  and  rods, 
all  reported  by  the  neighbors  to  have  been  built  by  "Jim  Finley,"  the 
man  who  first  biiilt  iron  suspension  bridges  in  this  country. 
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Some  of  the  Howe  truss  men  were  so  impressed  by  McCallum's  biisi- 
ness  success  (if  not  by  his  ai'guments)  that  they  began  arching  their  top 
chords,  and  a  notable  example  of  this  practice  was  the  Rock  Island  Bridge 
over  the  Mississippi  River,  which  was  removed  when  the  present  iron 
bridge  was  Iniilt  by  the  late  Baltimore  Bi'idge  Company  in  1871-72.  In 
the  Rock  Island  Howe  truss  the  web  systems  were  as  heavy  as  they  would 
have  been  had  the  chords  been  parallel,  and  this  is  also  the  case  in  the 
curved  top-chord  bridge  built  in  1867-89  over  the  Missouri  River  at 
Kansas  City,  by  President  Chauute.  The  jaractical  aspects  of  such  cur- 
vature were  carefully  looked  into  in  1869-70  by  the  late  C.  Shaler  Smith, 
M.  Am.  Soc.  C.  E. ,  and  myself,  in  the  Western  office  of  the  Baltimore 
Bridge  Company,  in  connection  with  j^lans  for  a  proposed  trijiartite 
bridge  at  Pittsburgh;  and  we  found  that  a  double  intersection  truss  with 
radial  posts  and  parabolic  top  chord  required  theoretically  the  least 
material.  The  attenuated  web  system,  however,  seemed  to  us  to  need 
the  addition  of  about  as  much  gratuitous  metal  as  would  wijje  out  this 
advantage,  and  as  the  shop  and  erection  costs  were  excessive  and  the 
raking  posts  necessitated  a  suspended  floor  system,  we  drojjped  the 
subject  in  a  business  way,  although  I  patented  the  radial  posts  as  being 
the  only  feature  that  had  not  been  anticipated  by  the  Jim  Finley  and 
other  curved  top  bridges.  The  radial  posts,  by  the  way,  had  been  first 
used  by  me  in  designs  for  a  canal  bridge  to  be  manufactured  by  the 
Tredegar  Works  in  Richmond,  for  Shaler  and  Fred.  Smith,  and  this 
bridge,  together  with  three  100-foot  spans  of  Fink  truss,  which  we  had 
in  hand  for  Chief  Engineer  H.  D.  Whitcomb,  M.  Am.  Soc.  C.  E.,  for 
Jackson  River,  Virginia  Central  Railroad,  were  stopi^ed  by  the  outbreak 
of  war  in  1861. 

In  the  matter  of  suspended  floor  systems,  I  note  that  some  men  who 
advocate  this  practice  for  modern  beam  trusses  have  omitted  the  ' '  sav- 
ing clause,"  so  to  speak,  which  was  used  by  the  builders  of  the  old 
suspension  trusses  and  the  earlier  beam  trusses,  viz.  ;  the  use  of  a  com- 
pensating suspension  link  and  of  longitudinal  strut-ties  between  the 
ends  of  the  floor  beams,  all  so  fixed  that  the  lateral  vibration  was  car- 
ried directly  to  the  masonry  without  affecting  the  truss,  and  the  truss 
could  expand  without  affecting  the  floor  system.  In  the  absence  of 
compensating  suspension  links,  a  suspended  floor  system,  if  bolted  up 
tightly  against  the  bottoms  of  the  jjosts,  ^\ill  develop  sooner  or  later 
some  openings  between  the  ends  of  stringers,  and  such  openings 
had  best  be  included  in  the  design,  as  Mr.  Waddell  states.  This  is 
equally  true  when  the  floor  beams  are  riveted  in  between  the  posts, 
either  above  or  below  the  chords,  unless  indeed  they  should  be  on  the 
neutral  line  of  the  truss;  but  trouble  from  such  openings  between 
stringers  need  not  be  looked  for  except  in  very  long  spans. 

The  north  span,  255  feet  long,  in  the  Susquehanna  bridge  of  the  P.  W. 
and  B.  R.  R. ,  at  Havre  de  Grace,  designed  and  built  in  1873-7-i  by  the 
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late  Baltimore  Bridge  Co.  (the  shop  work  being  the  first  output  of  the 
Edge  Moor  Iron  Co.),  has  floor  beams  riveted  or  bolted  in  between  the 
posts  above  the  chords,  with  stringers  between  the  floor  beams  fished  to 
each  other  over  the  beams,  and  resting  on  and  bolted  to  end  floor  beams 
which  ride  on  the  end  jjost  shoes.  This  north  span  flattened  its  rollers 
somewhat,  but  the  remaining  eleven  sjDans  of  this  bridge  built  subse- 
quently with  the  same  floor  details  by  the  Baltimore  Bridge  Company 
and  the  Phoenix  Bridge  Company  rolled  freely,  and  I  have  never  seen 
or  heard  of  any  serious  distortion  or  other  trouble  arising  from  difi'er- 
ences  of  expansion  or  contraction  between  the  floor  system  and  the 
chords.  These  stringers,  however,  are  bolted  (not  riveted)  together, 
the  purpose  being  to  allow  for  expansion  at  each  joint.  I  have  always 
used  the  above  described  end  floor  lieams  riding  on  the  end  shoe,  and 
fully  agree  with  Mr.  Waddell  that  it  is  very  necessary.  When  the  con- 
ditions are  such  that  a  suspended  floor  beam  is  necessary,  I  rivet  it  to 
extensions  of  the  posts  below  the  chords  and  rest  the  stringers  on  slid- 
ing shoes  on  the  wall,  and  attach  them  and  the  lateral  rods  to  struts 
which  move  with  the  end  shoes,  and  thus  keeji  everything  drawn  taut. 

Mr.  Waddell  is  undoubtedly  right  in  advocating  long  panels  and 
single  intersections,  and  in  subdividing  these  panels  in  long  spans,  but 
I  am  not  at  all  convinced  that  by  cai'rying  the  sub-panel  load  to  the 
rear,  or  by  any  other  device,  he  can  effectually  supjiort  his  toji  chord 
with  a  sub-post  at  mid-panel.  There  have  been  removed  and  rejilaced 
this  year  several  spans  of  what  we  called  the  ' '  sub-truss  Quadran- 
gular "  bridge,  built  by  us  in  1868-69,  on  the  old  Cincinnati  and  Balti- 
more (now  B.  and  O.  S.  W. )  Railroad.  These  sj^ans  were  built  to  carry 
such  wheel  loads  as  iron  rails  would  carry,  and  although  they  had 
recently  been  crowded  beyond  double  duty,  they  never  let  go.  The 
sub-truss  eye-bars  ran  fore  and  aft  to  the  heads  of  the  main  posts,  and 
we  had  to  use  full  jjanel  lengths  in  figuring  top  chords  in  overgrade 
spans,  as  we  found  that  the  sub-posts  slacked  away  from  the  top  chords 
under  loading,  just  as  in  Fink  trusses.  The  sub-truss  does  its  work 
independently  of  the  main  truss,  and  piits  a  local  and  secondary  girder 
strain  on  the  top  chord  if  the  sub-post  is  attached  thei-eto.  While  on 
the  subject  of  top  chords,  I  wish  to  express  my  satisfaction  that  so 
many  specialists  are  now  using  chord  joints  in  which  the  joint  line  cuts 
the  jiin  center  and  the  sections  are  held  together  by  the  passage  of  the 
pin  through  inside  and  outside  overlapping  plates  with  no  field  rivet- 
ing. When  I  first  used  this  joint  in  1878,  in  New  River  Bridge,  A.  M. 
and  O.  R.  R.  (now  Norfolk  and  Western),  it  was  irreverently  described 
as  a  moderately  good  "Highway"  bridge  joint,  but  it  has  made  its 
way,  and  is  now  in  vei-y  general  use. 

Mr.  Waddell's  position  on  the  matter  of  using  equivalent  uniform 
live  loads  is  well  stated  and  argued  by  him,  and  I,  for  one,  will  be  very 
glad  to  welcome  his  proposed  contribution  of  tables  therefor  to  the 
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Society;  but  I  hope  be  will  iuclnde  approximate  percentages  of  error 
on  the  safety  or  the  danger  side  of  the  line,  and  also  some  modifica- 
catious  in  engine  loads  to  cover  the  case  of  the  decapods.  The  rule 
for  tiuding  floor  beam  concentrations  by  using  in  one  panel  length  the 
equivalent  uniform  load  per  foot  for  a  span  of  two  jianel  lengths 
the  discovery  and  announcement  of  which  is  made  by  Mr.  Waddell  on 
his  pages  G-7,  has  long  been  in  use  in  my  office,  and  was  fully  ex- 
plained some  years  ago  by  Mr.  Edwin  Thacher  in  a  paper  to  a  Western 
Engineering  Society  in  connection  with  his  very  valuable  tables  of 
equivalent  distributed  loads  jiublished  in  the  Keystone  Bridge  Com- 
pany's specification  of  1887. 

Mr.  Waddell's  proposition  for  us  all  to  join  in  abolishing  such 
superfluities  as  the  second  powers  of  lengths  and  radii,  is  one  that  I 
would  very  much  like  to  see  carried  out  if  he  will  suggest  a  substitute 
which  will  change  the  method  without  materially  changing  the  results. 
A  good  many  comjDuters  have  attacked  this  problem  in  the  hope  of 
lightening  their  own  and  others'  labors,  but  no  consensus  has  been 
reached,  and  there  are  yet  at  work  some  men  (engineers,  too),  who,  after 
projjortioning  by  squares  of  radii,  do  not  sleei?  well  until  they  have 
again  gone  over  their  work  in  terms  of  diameters.  Possibly  their  brain 
matter  has  crystallized. 

In  the  matter  of  intensity  of  working  stresses  constituting  Mr. 
Waddell's  Group  "D,"  I  offer  some  suggestions  in  the  way  of  items 
from  a  specification  upon  which  I  have  just  received  tenders  for  about 
1  600  tons  of  riveted  lattice  girders  and  columns,  and  a  couiile  of  pin 
connected  spans  for  the  North  street  viaduct  in  Baltimore.  Under  the 
combined  live  and  dead  loads,  working  strains  per  square  inch  in  ten- 
sion in  steel  and  iron  members  having  net  sections  of  1  square  inch 
or  less,  shall  not  exceed  34  per  cent,  in  the  case  of  riveted  members, 
nor  37  per  cent,  in  the  case  of  eye-bars  of  the  herein  j^rescribed  elasticity 
of  the  material  of  which  the  member  is  made;  and  this  percentage  shall 
be  reduced  by  one-tenth  of  1  jjer  cent,  of  the  elasticity  for  each  addi- 
tional square  inch  of  net  section  in  built  members,  or  in  eye-bars  taken 
singly. 

Working  strains  per  square  inch  in  compression  in  steel  and  iron 
shall  not  exceed  32  per  cent,  of  the  herein  prescribed  elasticity  of  the 
material  of  which  the  member  is  made,  for  sections  of  1  square  inch  or 
less,  and  this  percentage  may  be  increased  by  one-tenth  of  1  jier  cent, 
of  the  elasticity  for  each  additional  square  inch  of  gross  section  in  the 
member,  the  strains  thus  determined  to  be  reduced  by  division  by 
L'^  L'  L^ 

"^  ■•"  (18  000  /e-) '  ^^^^  ^  "^  (2Toool2^  '  ^^  ^^'  ^  "•"  {m~6WW)    ^^^" 

members  wdth  two  pin  ends,  or  one  jjin  and  one  flat  end,  or  two  flat 
ends  respectively.  This  percentage  of  decrease  in  allowed  tension  per 
inch,  as  the  sections  increase,  is  a  recognition  of  the  well  known  fact, 
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that  as  rolled  metal  increases  in  section  and  especially  in  thickness,  it 
does  not  get  so  much  mechanical  work  put  into  it  by  the  rolling 
(measured  per  pound  of  product),  and  full  size  tests  show  very  generally 
that  its  actual  tensile  strength  decreases  about  jiroiiortionally.  Shear- 
ing strains  in  field  rivets  of  20  per  cent,  and  elsewhere  of  30  per  cent. , 
bearing  strains  of  50  per  cent,  and  bending  strains  of  50  per  cent, 
resj^ectively  of  the  elasticity.  In  tension  members  'composed  of  plates 
and  shapes  riveted  together,  the  local  stresses  produced  by  driving 
rivets  one  at  a  time  close  to  each  other,  and  the  uncertainties  about 
filling  the  holes  of  interior  jjlates  when  long  rivets  are  used, .especially 
in  splicing  heavy  sections  in  the  field,  combine  to  reduce  the  certainties 
in  the  case  of  large  riveted  members  far  below  the  certainties  in  the 
case  of  eye-bar  members,  which  is  my  reason  for  taking  eye-bars  singly 
when  decreasing  percentages. 

It  will  be  contended  that  there  really  should  be  no  decrease  in 
allowed  wox'king  strains  in  tension,  on  the  ground  that  the  larger 
the  sections  the  longer  the  span,  and  therefore  the  less  frequency  in 
the  apijlication  of  the  full  load;  but  this  was  a  good  argument  before 
modern  railway  practice  confined  freight  traffic  to  full  cars  and  long- 
trains.  Another  argument  against  the  decrease  of  working  strains 
in  tension  as  the  sections  increase  is,  that  as  the  sections  increase 
the  proportion  of  dead  load  to  total  load  also  increases;  but  I 
submit  that  when  the  sjDan  is  loaded,  it  is  loaded,  and  the  combined 
live  and  dead  loads  are  working  together  (with  some  susi^icion  of 
impact  from  the  acquired  momentum  or  droj^  of  the  dead  load  also), 
and  the  main  system  should  at  that  moment  have  metal  enough  in  it 
to  do  the  work.  The  formula  for  proportioning  by  minimum  and  max- 
imum stresses  needs  further  examination,  and  I  hope  Mr.  Waddell  will 
persuade  himself  and  others  to  put  through  his  proposed  series  of  ex- 
periments.    I  will  help  him. 

The  percentage  of  increase  in  allowed  comi^ression  per  inch  as  the 
sections  increase  is  in  recognition  of  the  fact  that  compression  (instead 
of  pulling  things  apart,  as  tension  does)  presses  things  together,  and  of 
the  further  fact  of  the  greater  resistance  to  flexure  and  shock  as  the 
metal  thickens  and  sections  increase.  The  larger  sections  are  thus  in 
every  way  moi'e  reliable  than  small  ones,  and  can  do  proportionally 
more  work  and  with  greater  safety.  It  is  but  fair  that  after  specifying 
working  strains  per  square  inch  based  upon  ijercentage  of  the  presci-ibed 
elastic  limit,  I  should  also  submit  some  of  the  items  governing  quality 
of  the  materials  ui^on  which  I  impose  these  stresses.  I  specify,  among 
other  things,  that  all  iron  shall  have  an  elastic  limit  of  25  000  pounds 
per  square  inch;  that  standard  specimens  cut  from  plates,  bars  or 
shapes  of  one  scpiare  inch  section  shall  show  an  ultimate  strength  of 
50  000  pounds  and  a  stretch  of  15  per  cent,  in  8  inches,  and  for  each 
additional  square  inch  in  the  bar,  the  specimen  cut  from  it  may  show  a 
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rediiftion  of  150  pounds  per  square  inch  in  ultimate,  and  of  two-tenths 
of  one  per  cent,  in  the  stretch.  Full  size  jjlates,  bars  or  shapes  of  one 
square  inch  section  ^hall  show  50  000  2)ouuds  ultimate,  and  12  i)er 
cent,  stretch  in  10  ie^t,  and  for  each  additional  square  inch  of  sectional 
area  they  may  show  a  reduction  of  200  pounds  per  inch  in  ultimate  and 
of  four-tenths  of  1  per  cent,  in  stretch.  Steel  for  rivets  must  show 
an  ultimate  between  53  000  and  57  000,  an  elastic  limit  of  28  000,  all  in. 
pounds  per  square  inch  of  full  size  rivet  bar;  a  stretch  of  25  per  cent, 
in  8  inches  and  reduction  of  50  per  cent.  Standard  specimens  cut  from 
full  size  plates,  bars  or  shapes  intended  for  riveted  work,  and  having 
a  section  of  1  s(juare  inch  or  less,  shall  show  an  ultimate  between 
55  000  and  62  000,  an  elasticity  of  30  000,  all  in  pounds  per  square  inch, 
a  stretch  of  22  per  cent,  in  8  inches  and  reduction  of  44  per  cent. ; 
for  each  additional  square  inch  in  section  of  plate,  bar  or  shaj)e  the 
specimen  cut  from  it  may  show  a  reduction  of  100  pounds  per  inch  in 
ultimate  and  of  one-tenth  of  1  per  cent,  in  stretch,  and  this  steel  may 
be  punched  without  reaming  and  be  sheared  without  planing. 

Specimens  cut  from  steel  for  eye-bars,  rods,  pins  or  rollers  having  a. 
sectional  area  of  1  square  inch  or  less,  shall  show  an  ultimate  between 
60  000  and  68  000,  an  elasticity  of  33  000,  all  in  pounds  per  square  inch, 
a  stretch  of  20  per  cent,  in  8  inches  and  a  reduction  of  40  per  cent. ;  and 
for  each  additional  square  inch  of  original  bar  the  specimen  cut  from 
it  may  show  a  reduction  of  100  pounds  per  square  inch  in  ultimate  and 
of  one-tenth  of  1  per  cent,  in  stretch.  Full  size  eye-bars  of  this  steel 
of  a  sectional  area  of  1  square  inch  shall  show  an  ultimate  between 
60  000  and  68  000,  an  elasticity  of  33  000,  all  in  pounds  joer  square  inch; 
a  stretch  of  16  per  cent,  in  10  feet,  and  a  reduction  of  35  per  cent. ;  and 
for  each  additional  square  inch  of  section  they  may  show  a  reduction  in 
ultimate  of  150  jjouuds  per  square  inch,  of  two-tenths  of  1  per  cent, 
in  the  stretch,  and  of  four-tenths  of  1  jjer  cent,  in  reduction  of  area. 
Annealing,  reaming  and  planing  are  prescribed  for  this  steel. 

It  will  be  noted  that  there  is  no  call  for  a  specimen  to  be  rolled 
down  and  tested  for  quality  of  steel  in  each  melt,  and  I  prefer  that 
specimens  for  testing  (except  for  rivet  steel)  shall  be  cut  out  of  a  full 
size  bar,  as  this  gives  a  test  of  the  actual  mill  work  as  well  as  of  the 
quality  of  the  steel.  If  we  assume  that  steel  at  a  white  heat  is  a  mass 
of  spherical  molecules  in  a  plastic  condition,  their  cohesion  is  due  tO' 
the  limited  contact  of  spherical  surfaces ;  but  if  we  roll  or  compress  this 
very  hot  steel,  the  spherical  molecules  become  jjolyhedral,  presenting 
facets  (or  flat  instead  of  s^jherical  surfaces),  for  cohesive  contact,  and  if 
we  do  not  continue  this  rolling  or  other  comi)ression  until  the  steel 
gets  red  cool  enough  to  "hold  its  work,'"  the  hot  molecules  antIII  resume 
more  or  less  their  spherical  shape  when  the  pressiire  is  removed. 
Hence,  I  prefer  to  cut  specimens  out  of  full  size  plates,  bars  or  shapes, 
after  the  rolling  is  done,  and  the  intention  of  the  above  specifications 
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for  materials,  is  to  legalize  for  the  benefit  of  our  insi^ectors  about  wliat 
we  actually  get  out  of  the  shops  in  general  practice. 

I  am  aware  that  in  the  foregoing  percentage  of  increase  or  decrease 
in  working  and  test  strains,  there  is  no  bumper  provided  against  slid- 
ing up  or  down  into  infinity;  but  the  bridge  engineers  of  this  country 
are  reasonable  men  and  are  very  apt  to  use  reasonable  sections;  and 
reflecting  on  this  fact  is  what  encourages  me  to  hope  that  Mr.  "Waddell 
will  be  reasonable  about  admitting  such  a  lengthy  and  discursive  con- 
tribution to  his  "asymptotic  curve." 

H.  H.  QuiMBY,  M.  Am.  Soc.  C.  E. — If  the  details  of  bridge  connec- 
tions were  thoroughly  scientific,  and  secondary  strains  j^roi^erly  cared 
for  if  not  eliminated;  the  intensities  of  stress  as  prescribed  noAv  and 
for  some  time  past  in  railway  work,  would  make  the  possibility  of  the 
failure  of  a  bridge  of  modern  design,  under  any  conceivable  load,  so 
remote  that  laborious  computations  to  find  a  possible  slightly  greater 
stress  might  reasonably  be  regarded  as  unnecessary  refinements.  But 
with  specifications  and  practice  as  crude  in  the  matter  of  details  as 
they  often  are,  it  is  only  wise  and  prudent  to  provide  for  the  greatest 
concentrations  of  the  rolling  loads  exjiected  to  be  carried,  even  if  they 
are  only  two  per  cent,  greater  than  the  approximations. 

Specifications  which  are  minute  in  respect  to  loads  and  unit 
stresses,  in  many  cases  ignore  important  and  even  vital  considerations. 
The  disastrous  collaj^se  of  a  railway  bridge  in  Europe  a  few  months 
ago  was,  by  some  engineers,  attrilnited  to  the  faulty  connection  of  the 
lateral  bracing  to  the  trusses,  and  similar  reasons  have  been  given  for  the 
fall  of  bridges  in  this  country.  The  trusses  and  lateral  systems  may 
be  proportioned  for  their  given  loads  without  allowance  being  made 
for  the  fact  that  one  system  can  ojjerate  to  complicate  and  interfere 
with  the  action  of  the  other.  The  bending  effect  of  both  end  and  in- 
termediate sway  bracing  on  the  posts  of  through  spans  is  often  serious. 
The  engineer  who  prescribes  a  given  wind  load  to  be  carried  down 
a  certain  post,  may,  without  perceiving  the  anomaly,  permit  the 
builder  to  projaortion  the  post  for  compression  only  and  to  treat 
it  as  being  fixed  at  the  point  of  attachment  of  the  sway  bracing, 
thereby  reducing  its  ratio  of  length  to  radius  of  gyration.  We  hear 
objections  to  the  detail  of  riveting  floor  beams  to  posts  because  the 
deflection  of  the  beams  springs  the  posts  out  of  a  true  line,  although 
the  fastening  is  ample  to  keep  the  post  in  the  control  of  the  floor 
beam,  and  make  its  lower  end  absolutely  fixed.  The  danger  from 
poorly  designed  or  improjierly  adjusted  transverse  bracing  is  vastly 
greater,  but  is  often  overlooked. 

This  subject,  together  Avith  Mr.  Waddell's  declaration  of  hostility 
to  adjustable  bridge  members,  recalls  a  case  wherein  the  intermediate 
sway  rods  of  a  through  sjjan — which  were  attached  to  the  posts  a  shoi't 
distance  below  the  top  struts — had  been  screwed  by  the  erectors  so 
tight  that  they  had  spning  the  top  ends  of  one  or  more  of  the  posts 
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out  of  line  enoufrh  to  excite  the  siirijrise  of  the  inspecting  engineer 
that  tlie  bridge  liad  not  collapsed.  A  bridge  should  be  designed  so 
that  its  safety  cannot  be  imperiled  by  a  lack  of  judgment  on  the  part 
of  erectors.  This  incident  teaches  also  that  it  is  of  the  highest  import- 
ance that  careful  attention  be  given  to  ju-oportioning  the  jaws  of  posts, 
particularly  such  as  have  their  tlanges  cut  away  to  facilitate  the  chord 
packing.  A  safe  formula  for  the  jaws,  deduced  from  exijeriments  on 
full  size  pieces,  is  as  important  as  one  for  the  section  of  the  member, 
and  as  the  work  of  clijjping,  punching  and  riveting  generally  tends  to 
curve  these  jaws,  their  inspection  is  equally  imisortant. 

Jno.  a.  Fulton,  M.  Am.  Soc.  C.  E. — A. — Live  Loads. — It  is  a  good  prac- 
tice to  plot  the  engine  diagram  and  train  load  to  a  scale  of  say  ten  feet 
to  an  inch,  then  on  a  separate  strij)  of  paper  lay  off  the  proposed  panel 
lengths,  and  j^lace  the  one  under  the  other  in  such  position  that  the 
leading  i)anel  point  shall  come  immediately  under  the  second  or  the 
third  driving  wheel  (it  will  not  make  much  difference  which)  and  distri- 
bute all  the  loads  to  the  several  jjanel  points  by  the  law  of  leverages. 
We  then  have  a  series  of  live  loads  equal  in  amount  and  very  nearly  equiv- 
alent in  ett'ect  to  the  actual  live  load  of  engine  and  train,  the  leading 
load  in  this  series  being  considerably  greater  than  any  of  those  follow- 
ing. Then  making  no  account  of  the  counter  effect  of  the  small  live 
load  which  always  exists  at  the  panel  point  next  in  advance  of  the 
engine  drivers,  slide  this  series  of  live  loads  across  the  strain  diagram 
from  i^anel  j^oint  to  panel  point,  assuming  that  the  web  shear  under  the 
leading  load  is  the  maximum  on  memliers  leading  from  that  point.  In 
this  way  determine  the  shear  on  all  web  members,  including  the  end 
jiosts.  This  method  of  using  a  fixed  series  of  loads  for  a  given  panel 
leng-th,  regardless  of  the  number  of  panels  in  the  bridge,  may  not 
always  be  strictly  correct,  and  the  position  of  the  engine  wheel  base  with 
reference  to  the  panel  point  under  it  may  not  always  be  exact;  but  the 
method  is  easy  of  application  and  the  results  as  close  as  we  can  pro- 
portion the  sizes  of  material. 

Having  thus  determined  the  vertical  shear  on  the  end  post,  find  the 
bottom  chord  strain  for  the  first  one  or  two  panels  and  add  increments 
for  succeeding  panels  to  the  center,  jirecisely  as  for  a  uniform  load  which 
would  produce  that  shear  on  the  end  post.  At  first  sight  this  would 
seem  to  give  excessive  chord  strains  for  all  but  the  one  or  two  i^anels  at 
the  end;  but  if  it  be  borne  in  mind  that  it  is  not  at  all  infreqiient  for  the 
rear  end  of  one  train  to  be  close  against  the  front  end  of  a  following 
train  when  standing  on  a  bridge  or  elsewhere,  or  that  a  dead  engine  is 
being  hauled  about  the  middle  of  a  train,  or,  worse  still,  immediately 
behind  the  hauling  engine,  then  it  follows  that  for  maximum  chord 
strains  at  the  center  of  the  span  the  engine  should  be  placed  at  the 
middle  of  the  train  instead  of  at  the  end.  With  the  engine  at  the  center 
of  the  bridge  and  the  typical  train  immediately  in  front  and  behind  it, 
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tlie  chord  strains  will  be  correct,  as  determiued  so  easily  by  the  method 
of  increments  above  described. 

For  the  maximum  live  load  on  a  floor  beam  it  is  a  simj^yle  and  short 
oijeration  to  slide  the  engine  diagram  back  and  forth  over  a  panel  point 
until  the  position  for  maximum  effect  is  determined,  and  then  distribute 
the  loads  to  the  floor  beam  by  leverages  as  before  described  for  panel 
loads. 

In  the  case  of  deck  plate  girder  bridges,  the  engine  diagi-am,  so 
placed  on  the  strain  sheet  that  either  of  the  two  central  wheels  shall  be 
at  the  center  of  sj^an,  i-eadily  gives  the  maximum  bending  moment  at 
the  center,  and  the  same  diagram  slipped  along  until  either  of  these  two 
wheels  is  at  the  quarter  point  of  the  span,  gives  in  the  same  way  the 
maximum  bending  moment  at  that  point.  A  very  quickly  obtained,  and 
perhaps  sufficiently  close  approximation  to  the  value  of  the  bending 
moment  at  the  quarter  point,  is  reached  by  calling  it  77  per  cent,  of  that 
at  the  center  of  the  span.  Having,  then,  the  bending  moment  at  the 
center,  at  the  two  quarter  points,  and  zero  at  the  ends,  and  laying  off 
these  as  ordinates  from  a  straight  line,  and  sketching  a  ijarabolic  curve 
through  them,  we  readily  determine  the  bending  moment  at  any  point. 

Placing  the  engine  diagram  so  that  the  point  driven  is  directly  over 
(or  rather  just  inside)  the  center  of  the  base  plate  and  distributing  as  be- 
fore described,  gives  the  maximum  live  load  shear  on  the  web.  In  the  case 
of  through  plate  gii-ders  with  sti'ingers  and  floor  beams,  the  load  should 
be  distributed  to  the  panel  points  as  in  a  truss  bridge.  In  any  plate 
girder  in  which  the  web  is  sj^liced,  great  care  should  be  exercised  to  see 
that  the  splice  has  rivets  enough  to  carry  the  shear  at  that  jioint. 

Concerning  live  loads  generally,  I  am  decidedly  in  favor  of  using 
every  legitimate  means  for  obtaining  heavy  bridges,  since  to  add,  say, 
10  per  cent,  to  the  capacity  of  a  proposed  bridge  does  not  add  10  per 
cent,  to  the  cost  of  it.  I  would  use  for  a  typical  live  load,  not  an  en- 
gine followed  by  a  train  of  cars  weighing  from  10  to  20  jier  cent,  less  per 
foot  than  the  engine,  but  a  solid  train  of  engines,  and  would  tigure  the 
engines  heavy  enough  to  cover  a  good  many  contingencies  not  altogether 
foreseen  just  now.  No  one  can  safely  predict  what  the  engine  of  the 
future  will  be  or  that  the  tendency  of  the  last  few  years  to  increase  en- 
gine weights  has  reached  its  limit.  Had  the  bridge  engineer  of  twcmty 
years  ago  made  a  fair  allowance  for  the  future  loads  on  his  bridges, 
there  would  not  now  be  the  necessity  for  replacing  so  many  of  them. 

If  all  jjarties  interested  could  be  convinced  that  the  typical  live  load 
should  be  a  train  of  engines,  then  I  should  be  in  favor  of  using  a  uni- 
form live  load  for  web  and  chord  members;  but  for  floor  beams,  string- 
ers and  short  span  girders  I  would  use  actual  concentrations  as  before 
described,  or  else  such  a  uniform  load  as  would  i)roduce  strains  0(iual 
in  all  cases  to  those  prodiicod  by  actual  concentrations.  The  admirable 
series  of  typical  engines  jjroijosed  by  Mr.  Waddell  would  seem  to  leave 
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nothing  unijrovitled  for  in  the  way  of  live  loads  if  he  would  leave  off  the 
train  load  and  substitute  engines  instead. 

The  i)oliey  of  the  average  railroatl  company,  which  unhesitatingly 
builds  its  embankments  16  feet  wide  and  excavations  22  feet  wide, 
either  of  which  might  be  made  less  in  the  first  place  and  increased  at 
any  time  afterward  if  found  too  narrow,  and  yet  shaves  down  the  cost 
of  an  iron  bridge  to  the  lowest  mark,  is  economically  ixnsound.  To 
strengthen  it  after  completion  will  be  expensive  and  difficult,  if  not 
altogether  impracticable,  and  the  company  thus  secures  weak  spots  in 
its  roadwa3'  at  points  where,  of  all  others,  it  should  have  excessive 
strength,  since  failure  at  such  points  is  sure  to  prove  most  disastrous. 
The  saving  is,  perhajis,  !^10  000  on  a  $100  000  contract,  where  the  rest  of 
the  roadbed  costs  millions.  The  typical  bridge  should  not  be  a  source 
of  dread  either  to  the  public  who  do  not  imderstand  it,  or  to  the  em- 
ployees Avho  do. 

D. — For  wind  pressure  I  Avould  suggest  200  pounds  per  linear  foot 
on  the  unloaded  chord,  and  500  i)Ounds  on  the  loaded  chord  (300  of 
this  to  be  moving  load)  for  all  spans  up  to  150  feet.  For  spans  500 
feet  long  I  would  suggest  350  pounds  on  the  unloaded  chord  and  650 
on  the  loaded  chord,  with  some  portion  of  this  as  above  for  moving 
load,  and  proportional  amounts  for  intermediate  spans.  For  the  effects 
of  Avind  load  I  would  assume  that  all  such  loads  on  the  top  chord 
Avould  pass  through  the  top  laterals  and  end  posts  to  the  abutments 
Avithout  relief  from  the  vertical  sway  bracing  at  jianel  jjoints;  and 
would  then  make  each  interior  set  of  sway  bracing  sufficient  for  a  single 
panel,  with  the  usual  provision  as  to  the  minimum  size  of  material  to 
be  used,  and  would  assume  the  indirect  effect  on  the  bottom  chord  to 
be  uniform  from  end  to  end  of  span. 

C. — I  would  use  i)late  girders  up  to  80  feet,  riveted  Warren  through 
girders  from  80  to  125  feet,  Pratt  trusses  from  125  to  225  or  250  feet, 
and  subdivided  Pratt  trusses  from  that  up;  but  see  no  serious  objec- 
tion to  a  lattice  deck  bridge  of  two  systems  of  triangles,  provided  they 
are  not  run  together  into  one  system  just  before  reaching  the  al)ut- 
ments. 

As  to  spacing  of  stringers  and  webs  of  jjlate  girders,  6  feet  6  inches 
has  to  recommend  it  a  reasonably  small  bending  effect  on  the  ties 
under  ordinary  conditions,  and  a  reasonable  safety  for  the  outside 
wheel  of  a  derailed  triick.  To  use  outside  stringers  that  can  be  called 
into  action  only  in  case  of  derailment  is  clearly  to  waste  material.  Oak 
bridge  ties  8x8  inches  x  11  feet,  notched  one-half  inch  over  stringers 
and  spaced  12  or  13  inches  center  to  center,  with  oak  guard  rails 
8x8  inches  at  the  outer  ends  of  ties,  either  with  or  without  inside 
guard  rails;  make  a  stiff  floor,  and  are  not  cut  to  pieces  by  derailed 
wheel  flanges,  as  would  be  the  case  with  white  jjine  ties. 

D. — Intensities  of  Working  Stresses. — In  test  sjjecimens  we  may  re- 
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quire  an  elongation  of  20  jier  cent,  and  ability  to  stand  a  sharp  bend 
without  sign  of  fracture,  but  in  bridge  wrecks  we  do  not  find  any  such 
elongation  nor  any  such  bending.  Doubtless,  the  diflerence  in  treat- 
ment is  the  cause  of  the  difference  in  results.  Attempt  to  cut  ordi- 
nary molasses  "taffy"  with  a  knife  or  to  twist  it  or  pry  it  apart 
and  the  task  is  qiiite  troublesome,  but  strike  it  with  a  light  hammer 
and  it  is  found  to  be  about  as  brittle  as  glass.  The  former  experiment 
shows  how  we  test  material,  the  latter  shows  how  we  use  it.  If  some 
one  would  devise  a  scheme  for  iesting  bridge  members  which  would 
treat  them  about  as  they  are  treated  in  a  bridge,  the  results  of  such 
tests  for  elastic  limit  and  for  ultimate  strength  would  be  exceedingly 
valuable  to  the  bridge  designer,  but  they  might  differ  somewhat  from 
the  values  generally  assumed. 

To  illustrate  an  important  point,  assume  a  Pratt  truss  of  ten  panels 
with  a  uniform  live  load  advancing  over  it.  Leaving  out  of  account 
the  effect  of  dead  load,  the  vertical  shear  on  a  theoretical  counter  in 
the  second  panel  will  be  one-tenth  of  a  panel  load;  that  in  the  third 
panel  will  be  three-tenths  of  a  panel  load,  but  the  increment  is  only 
two-tenths,  the  other  one-tenth  being  already  in  that  member.  Pro- 
ceeding onward  to  the  end  i>ost  at  the  further  end  of  the  span,  we  find 
the  vertical  shear  on  that  member  is  forty-five-tenths  of  a  i)anel  load, 
of  which  only  nine-tenths  of  a  panel  load  or  20  per  cent,  of  the  entire 
load  i!i  the  increment,  the  remaining  80  per  cent,  being  already  in  the 
member  from  preceding  loads;  and  whatever  the  number  of  imnels,  it 
is  evident  that  the  increment  will  never  quite  equal  one  panel  weight. 
Now  it  seems  clear  that  when  the  end  post  gets  its  maximum  live  load, 
this  maximum  load  will  consist  of  nearly  all  of  the  last  panel  load,  plus 
the  impact  for  that  amount  of  panel  load,  plus  the  jiroportional  amount 
of  all  jjreceding  jjanel  loads  without  impact;  since  the  effect  of  these 
preceding  loads  has  reached  the  end  jiost  before  the  strain  on  it  had 
become  a  maximum,  and  has  reached  it  not  suddenly,  but  gradually. 

It  should  also  be  borne  in  mind  that  the  shear  from  loads  near  the 
rear  end  of  the  span  reaches  the  forAvard  end  post  through  a  series  of 
interior  posts  and  diagonals  equivalent  in  effect  to  one  very  long,  and 
therefore  elastic,  member.  If  this  view  be  a  correct  one,  then  the  effect 
on  the  end  post  of  any  bridge  from  each  ton  of  live  load  is  but  very 
slightly  in  excess  of  that  for  each  ton  of  dead  load,  or,  in  other  words, 
the  imi)aet  due  to  high  speed  counts  for  a  relatively  very  small  amount 
on  the  end  posts,  but  increases  toward  and  becomes  a  maximum  at  the 
first  (theoretical)  counter.  It  would  therefore  seem  that  in  projiortion- 
ing  the  web  members  of  a  truss  this  variable  effect  of  impact,  a  maxi- 
mum at  the  beginning  of  the  span  and  a  minimum  at  the  end  of  it, 
should  be  the  measure  of  intensities  of  working  strains  on  web  mem- 
bers. 

I  would  suggest  that  the  web  strains  be  determined  by  any  satis- 
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factory  method,  niakinf?  clue  allowance  for  the  negative  effect  of  dead 
load  on  counters,  and  that  the  strains  thus  obtained  be  then  increased 
by  i)ercentages  determined  as  follows  :  Let  n  =  the  number  of  panels 
in  any  truss,  and  n  —  2  =  the  number  of  i^anels  requiring  an  ad- 
ditional percentage.     Then   =  the  increment  to  be  added  at  suc- 

n  —  2 
cessive  jjanel  points. 

Take,  for  instance,  an  eight-jianel  In-idge.  Then  a  —  2  =  6;  -§-  = 
16f ;  hence,  the  percentage  to  be  added  to  the  strains  on  the  six  interior 
l)anels  will  be  respectively  16^,  33^,  50,  6Gf,  83^,  100;  or  approximately 
the  strains  on  the  main  web  members  will  have  their  amounts  increased 
from  0  at  the  end  to  50  per  cent,  at  the  center,  and  on  counters  from 
50  per  cent,  at  the  center  to  100  per  cent,  at  the  end.  With  strains  thus 
increased  it  would  be  proper  to  use  a  constant  intensity  of  say  9  000 
pounds  on  main  members,  and  for  additional  security  8  000  pounds  on 
counters. 

Concerning  formulas  which  involve  both  the  maximum  and  the 
minimum  stress,  if  a  given  truss  rod  is  to  have  a  maximum  strain  of 
50  000  pounds  and  a  minimum  of  20  000  i^ounds,  while  another  rod  is 
to  have  a  maximum  of  50  000  pounds  and  a  minimum  of  1  000  pounds, 
it  is  not  quite  clear  why  there  should  be  any  difference  in  the  size  of 
the  two  rods,  unless  we  are  ready  to  abandon  the  theory  that  iron  not 
overstrained  is  j^ermanent  in  strength. 

Another  idea  occasionally  appearing  in  bridge  literature,  with  seem- 
ingly not  sufficient  cause,  is  that  because  a  certain  excessive  strain  is 
likely  to  occur  only  at  long  intervals,  it  is  therefore  not  objectionable, 
while,  if  it  were  to  occur  at  short  intervals,  it  must  be  provided  for  by  using 
additional  sectional  area.  If  we  are  proportioning  our  bridges  for  cer- 
tain ti-ain  loads  with  the  idea  that  these  bridges  are  sufficient  for  the 
purjiose,  but  would  not  be  sufficient  for  a  continuous  series  of  such 
trains  hour  after  hour  and  day  after  day  for  an  indefinite  period  with- 
out any  deterioration  whatever  except  for  the  wear  of  the  elements; 
then,  in  the  interest  of  those  who  have  to  jiay  for  these  bridges,  it  would 
seem  that  our  unit  strains  must  be  too  high  and  ought  to  he  reduced. 
An  organic  body  existing  by  the  daily  destruction  and  renewal  of  ani- 
mal tissue  may  become  "fatigued  "  by  work  which  is  far  within  its  safe 
capacity  and  may  require  rest,  and  is  certain  to  enter  into  a  long  rest 
within  a  very  limited  period;  but  it  would  seem  that  no  such  doctrine 
as  this  could  be  applicable  to  iron  and  steel,  which  have  nothing  within 
them  to  require  renewal. 

E. — As  to  combined  stresses,  where  wind  stresses  and  load  stresses 
both  occur  in  the  same  member  and  are  of  the  same  kind,  I  would  de- 
termine the  sectional  area  required  for  each  and  add  the  results.  If  it 
be  good  designing  to  allow  chord  members  to  be  overstrained  20  or  25 
per  cent,  during  -n-ind  storms,  why  not  reduce  the  sections  of  web  mem- 
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bers  to  correspond?  It  would  seem  tliat  a  bridge  might  as  well  be 
weak  or  might  as  well  fail  in  one  place  as  in  another.  As  to  bending 
of  end  posts  on  account  of  wind  strains,  if  end  floor  beams  be  used  and 
well  connected  to  the  lower  ends  of  end  posts  by  means  of  gusset  jslates, 
it  would  seem  fair  to  consider  the  lower  end  of  the  post  as  fixed,  and 
thereby  reduce  the  lever  arm  of  the  bending  moment  50  i:)er  cent. 

F. — In  plate  girder  proportioning  I  would  advise  the  use  of  nothing 
less  than  three-eighths  inch  for  thickness  of  web  plate.  Whatever  its 
thickness,  it  shoiild  have  sufficient  net  area  to  resist  the  vertical  shear 
at  any  point  with  a  low  unit  strain  and  should  have  sufficient  bearing 
area  for  the  rivets  in  any  portion  of  the  flange.  In  long  shallow  girders 
this  will  require  a  web  much  thicker  than  three-eighths  inch.  One  jjoint 
often  overlooked  in  plate  girder  designing,  in  fact  it  is  perhajis  generally 
overlooked,  is  the  thickness  of  Avail  jjlates  and  base  plates  at  the  ends  of 
a  girder.  Many  girders  having  a  bottom  flange  consisting  of  two  angles 
and  one  or  more  cover  plates,  have  the  first  cover  plates  say  three- 
eighths  inch  thick  made  the  full  length  of  the  girder,  and  dispense  with 
a  base  plate  altogether;  thus  using  material  where  it  does  no  good  and 
omitting  to  use  it  or  not  using  enough  at  the  place  where  it  is  needed. 
On  account  of  the  deflection  of  a  girder  under  a  load,  the  inner  edge  of 
a  base  jjlate  is  certain  to  get  more  load  than  the  outer  edge;  it  is 
desirable,  therefore,  that  the  end  bearing  of  a  girder  be  made  as  short 
as  practicable  lengthwise  of  the  girder,  and  spread  out  laterally  for  the 
necessary  bearing  area.  It  seems  entirely  possible  that  the  plate 
girder  of  the  future  Avill  be  built  on  a  rocker  bearing,  to  secure  uniform- 
ity of  pressure  on  the  masonry  as  in  a  pin  connected  truss.  The  pro- 
jecting part  of  a  wall  plate  or  base  plate  should  be  figured  as  a  solid 
shallow  beam  with  a  uniform  load  jjressing  upward,  and  the  base  plate 
should  be  well  riveted  to  the  bottom  of  the  flange  angles  or  it  will  lack 
much  of  its  supposed  stifiness.  In  order  to  have  a  base  plate  well 
sujjported  it  is  necessary  to  use  web  stifieners  of  amjjle  i^rojection,  and 
that  these  stiffeners  be  so  placed  that  they  ■will  distribute  the  load  over 
the  base  plate  to  the  best  advantage. 

In  the  designing  of  floor  beams,  it  would  seem  difficult  to  dcA-ise  a 
worse  arrangement  than  that  of  destroying  the  floor  beam  web  in  order 
to  run  the  bottom  chord  through  it  instead  of  over  or  under  it,  and  then 
patching  up  the  weak  spot  by  the  queer  devices  sometimes  used. 
There  would  seem  to  be  no  difficulty  in  building  floor  beams  with 
flanges  parallel  between  trusses,  and  then  riveting  them  between  the 
posts  above  the  bottom  chords  where  practicable,  or  below  the  chords 
if  desirable,  extending  the  posts  for  that  purjjose  to  the  bottom  of  the 
floor  beam,  but  riveting  the  connection  in  all  cases.  If  the  longitudinal 
strain  from  lateral  rods  would  i)roducc  too  much  bending  strain  on  the 
l)Osts,  the  diffi<*ulty  could  be  easily  remedied  by  using  light  tension 
members,  connecting  the  foot  of  the  jiost  with  the  bottom  chord  pins 
at  adjacent  i)anel  points  after  the  manner  of  the  Fink  truss. 
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Benjamin  Dougl.\s,  M.  Am.  Soc.  C.  E. — It  is  not  cjiiite  as  simple  a 
matter  as  Mr.  Waddoll  thinks  to  find  a  uniform  load  Avhicli  will  cause 
the  same  stresses  in  all  the  memhers  of  any  sjjan  as  will  a  system  of 
concentrated  loads.  That  a  uniform  load  can  be  found  which  will 
cause  nearly  equal  maximum  shears  and  bending  moments  is  true,  as 
has  been  shown,  and  in  a  Pratt  truss  with  parallel  chords  the  maximum 
stresses  in  the  members  will  also  be  nearly  equal  for  the  two  systems 
of  loading.  In  compound  trusses,  however,  when  the  entire  shear  or 
bending  moment  is  not  resisted  by  a  single  member,  the  relative  dis- 
tribution of  the  loads  may  be  important  and  the  uniform  load  cause 
maximum  stresses  differing  much  more  from  those  caused  by  the  con- 
centrations.    This  is  the  case  with  the  Whipple  truss,  for  example. 

In  the  following  table  are  given  the  vertical  components  of  the 
maximum  stresses  in  the  diagonal  tension  members  of  a  Whijiple  truss 
having  10  jianels  of  25  feet  each,  computed  for  Mr.  Cooper's  "Class  A" 
diagram,  and  for  a  uniform  load  of  3  112  i^ounds  per  lineal  foot,  which 
is  given  by  Mr.  Waddell  as  equivalent  to  the  loading  of  the  diagram. 


Membeb. 

Vertical  Component  of  Sthess 
IN  Pounds. 

Pebcentage  of 
Ebror. 

By  Diagram. 

By  Unifom 
Load. 

177  .500 
143  700 
109  900 
83  600 
57  200 
3S300 
19  900 

155  600 
124  500 

93  400 
70  000 
46  700 
31  100 
15  600 

12.3  Danger. 
13.4 

2d                "              

3d                "              

15.0 

4th              "              

16.5 

1st  Counter 

2d        "         

18.4 
18.8         •' 

3d        "         

21.6 

These  percentages  of  error  are  certainly  too  great  to  be  neglected, 
and  while  they  are  perhaps  larger  than  would  be  found  in  most  other 
forms  of  truss,  they  show,  I  think,  that  Mr.  Waddell  is  mistaken  in 
thinking  that  his  assumj)tion  that  the  trusses  are  of  the  simple  Pratt 
type  with  parallel  chords  cannot  in  any  way  vitiate  the  results  of  his 
investigations,  and  that  we  should  not  be  too  sure  that  a  uniform  load 
which  is  equivalent  to  engine  concentrations  for  one  form  of  truss  will 
be  so  for  any  other  we  may  be  considering. 

It  w'ould  save  some  labor  to  computers  if  every  railroad  company 
would  adopt  one  of  a  series  of  standard  live  loads  in  designing  its  bridges, 
and  I  see  little  to  criticise  in  those  proposed  by  Mr.  Waddell,  except 
that  the  weights  on  the  tenders  are  too  small,  and  there  should  be  an 
alternative  load  corresponding  to  Mr.  Cooper's  100  000  pounds  on  two 
axles.  It  is  true  that  this  is  not  needed  for  long  panels,  but  short 
ones  are  necessarily  used  occasionally,  and  the  specified  loads  should 
be  such  as  to  provide  for  them. 

What  is  said  about  wind  pressure  is  in  general  in  accordance  with 
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my  views,  but  the  overturning  moment  of  the  wind  jiressure  on  the 
train  should  be  considered  as  well  as  that  on  the  top  lateral  system. 
I  am  not  yet  prepared  to  adopt  riveted  laterals  throughout,  although 
they  have  strong  points  in  their  favor.  When  used  between  compres- 
sion members,  they  must  either  be  made  stiif  enough  to  act  in  compres- 
sion, or  they  will  be  slack  when  most  needed.  If  they  ai-e  made  stiff, 
they  will  be  very  heavy  compared  with  rods  for  short  spans.  I  do  not 
agree  with  Mr.  Waddell  in  thinking  that  no  railway  specification 
begins  to  cover  the  ground  of  proportioning  the  inclined  end  250sts  of 
through  spans,  to  transfer  the  wind  pressure  on  the  upper  lateral 
system  to,  the  masonry.  Many  of  them  say  that  the  combined  unit 
stresses  shall  not  exceed  a  certain  limit  for  this  or  any  other  members 
of  the  bridge,  and  I  think  that  covers  the  case.  It  does  not  seem  neces- 
sary for  the  railroad  comj^any  to  tell  the  contractor  how  to  compute 
the  stresses.     The  latter  is  su^jposed  to  know  that. 

I,  too,  firmly  believe  that  the  proper  way  to  proj^ortion  the  section 
of  a  plate  girder  is  to  count  in  the  web  as  aiding  in  resisting  bending 
moments,  but  do  not  think  that  the  rule  given  for  finding  the  total 
moment  of  resistance  is  sufficiently  accurate.  The  moment  of 
resistance  of  the  web  is  substantially  as  given  (one-sixth  its  area 
multiijlied  by  the  depth  of  the  girder),  but  the  actual  moment  of 
resistance  of  the  flange  angles  is  less  than  their  area  miiltiplied  by  the 
distance  between  the  centers  of  gravity  of  the  flanges,  and  in  shallow 
girders  the  error  is  considerable. 

Let  2  0?  =  depth  of  girder  from  back  to  back  of  angles, 

2  /^  =  distance  between  centers  of  gravity  of  flanges,  and 

2  y  =  depth  of  girder  over  all ;  then  the  true  moment  of  resistance 

of  the  flange  angles  is if  we  neglect  the  moment  of  inertia 

.V 
of  the  angles  about  their  center  of  gravity.  The  moment  of  resistance 
by  Mr.  Waddell's  method  is  area  X  h,  which  is  greater  than  the 
actual  moment.  Assume  a  girder  with  a  web  plate  24  inches  x  | 
inch,  and  flange  angles  6x4  inches,  weighing  20  i)ouuds  jjer  foot. 
Then  2  t/  =  24  inches,  2  A  =  21.8  inches,  2  3/  =  24  inches,  area  of  one 
angle  =  6.0  inches,  and  its  moment  of  inertia  about  the  axis  through 
its   center    of    gravity   is    7.8.       The    true    moment    of  resistance   is 

4(6.0  X   10.92  +   7.8)     ,    o4    I    -,    ,    1    r    .)<       o-.-  1+1  +     f 

— ^^ — ! '  -|-  24  -f  ?  -j-  ^r  -|-  24  =  27b,    and  the  moment  of 

resistance  given  by  Mr.  Waddell's  rule  is  4  x  6.0  X  10.9  -|-  24  +  ^ 
X  J  +  21.8=  294,  which  is  too  large  by  6/',r  per  cent.  If  we  neglect 
the  web,  the  moment  of  resistance  found  by  multiplying  the  area  of  the 
angles  by  the  distance  between  their  centers  of  gravity  is  2()2,  which  is 
not  as  much  less  than  the  real  moment  of  the  whole  section  as  the  other 
is  greater.  For  deeper  girders  the  error  is  less,  but  for  shallower  ones 
it  is  greater,  and  I  have  found  cases  where  the  true  moment  of  resist- 
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ance  was  less  thau  the  area  of  oue  flange  miiltiplied  by  the  distance 
between  the  centers  of  gravity  of  the  flanges.  These  shallow  girders,  it 
should  be  remembered,  are  usually  short,  and  should  have  an  excess 
rather  than  a  deflciency  of  strength. 

Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E. — Under  Groui)  "  C," 
"  Styles  and  Proportions  of  Bridges,"  the  writer  would  prefer  the  fol- 
lowing limits  for  the  lengths  of  spans  used  in  plate  and  lattice  con- 
struction, namely:  Plate  girders  up  to  80  feet  spans,  lattice  girders 
from  SO  to  125  feet,  at  which  latter  point  pin  connected  trusses  should 
begin  to  be  used.  The  most  serious  objection  to  the  use  of  plate  girders 
from  80  to  100  feet,  is  the  necessarily  great  waste  of  metal  caused  by 
having  a  continuous  web.  As  true  engineering  practice  aims  to  pro- 
duce the  best  consti'uction  for  the  least  money,  and  as  it  is  perfectly 
practicable  to  design  a  very  rigid  and  unquestionably  perfect  lattice 
span  of  such,  lengths,  with  a  saving  of  from  30  to  40  per  cent,  in  weight, 
over  the  same  length  of  jilate  girder  span,  and  with  much  better  and 
more  jjleasing  general  effect;  we  do  not  seem  justified  in  making  the 
customer  pay  the  difference  unless  he  has  special  reasons  for  doing  so. 
O^ing  to  the  uncertainty  of  stress  distribution  in  riveted  connections, 
riveted  spans  shotild  not  be  used  excei:)t  for  lengths  where  pin  spans 
are  lacking  in  rigidity;  and  as  pin  spans  can  be,  and  are,  designed  with 
floor  systems  rigidly  connected  to  the  trusses  and  thoroughly  braced 
with  stift'  laterals  for  spans  of  125  feet,  the  writer  would,  for  spans  over 
this  length,  pass  at  once  to  pin  connected  Pratt  trusses,  with  panels  as 
long  as  can  be  rigidly  braced.  He  thoroughly  advocates  Mr.  Waddell's 
claim  for  the  single  cancellation  principle  for  all  trusses  as  being  the 
only  really  scientific  construction,  and  much  simpler  and  therefore 
better  in  j^ractice. 

Eegarding  adjustable  members  in  bridges,  the  writer  again  believes 
Mr.  Waddell  to  be  on  the  right  track.  If  proj)erly  designed  for  erec- 
tion purposes,  and  carefully  manufactured,  adjustable  counters  can  be 
made  a  thing  of  the  past.  There  can  be  no  question  about  the  lower 
laterals  being  rigid,  as  no  one  who  has  ever  carefully  watched  the  ac- 
tion of  poorly  braced  fioor  systems  under  heavy  and  siidden  loading 
could  long  remain  in  doubt  on  this  point.  For  long  spans,  at  any  rate, 
the  tojj  laterals  should  be  of  the  same  construction. 

The  writer  is  very  glad  to  see  that  Mr.  Waddell  has  advanced  his 
opinion  regarding  the  unnecessary  reaming  of  rivet  holes  of  mild  and 
medium  steel  which  will  stand  the  enlarging  of  the  rivet  hole  25  per 
cent,  by  means  of  the  drift  test  successfully;  and  hopes  that  more  of 
the  members  will  i)ut  themselves  on  record  in  the  same  way.  It  has 
always  seemed  an  insult  to  good  metal  to  require  reaming  when  the 
quality  of  the  metal  is  such  that  no  practical  benefit  is  derived  from  it. 
The  line,  however,  where  the  reaming  becomes  necessary  should  be 
carefully  observed,  and  probably  Mr.  Waddell's  requirements  meet  it  as 
well,  if  not  better,  than  any  other  way. 
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Now  that  eye-bars  are  manul'acturetl  of  widths  up  to  and  including 
10  inches,  it  is  advisable  to  use  wider  bars  for  long  panels  than  was 
formerly  the  custom,  and  at  the  i^resent  time  this  is  being  largely  done. 
By  using  a  wider  bar  it  is  possible  also  to  reduce  the  number  of  bars 
in  a  panel,  the  thickness  of  each  individual  bar,  the  bending  moment 
on  the  pin  and  consequently  its  diameter  and  length.  In  making  bars 
of  the  largest  sections,  special  care  should  be  jDaid  to  the  tests,  as  sjae- 
cial  arrangements  must  be  made  by  the  manufacturer  to  cast  special 
ingots,  or  use  larger  piles  to  insure  the  requisite  amount  of  work  in  the 
rolls  upon  the  metals.  Steel  bars  of  the  larger  sections  sjiecially  are 
much  more  desirable  in  every  way  than  iron,  both  in  reliability  and 
finish. 

WiiiiiiAM  Cain,  M.  Am.  Soc.  C.  E. — "Whilst  agreeing  with  Mr.  Wad- 
dell  in  most  of  the  points  brought  forward  in  his  paper,  I  must  take 
excejjtion  to  the  co-efficient  ^  in  his  formula  for  imit  stress, 

T  ,        ..  ,,/-,,    1  minimum  stress\ 

Intensity  =^  constant  I  1  +  J -. -, )  , 

•^  \  maximum  stress/ 

though  I  admit  that,  in  the  present  state  of  our  experimental  knowl- 
edge, this  co-efficient  must  be,  to  a  certain  extent,  a  matter  of  opinion. 
Still,  as  it  has  been  assumed  all  the  way  from  h  to  f  by  certain  bridge 
engineers,  it  is  well  that  all  interested  should  give  the  basis,  if  any,  of 
their  assumptions,  when  i^ossibly  the  range  of  jjermissible  values  will 
be  restricted  within  much  narrower  and  more  manageable  limits  than 
at  present.  If  we  call  the  ratio  of  minimum  stress  to  maximum  stres  6, 
we  can  write  the  above  formula  of  Mr.  Waddell's, 

Unit  stress  :=  constant  (1  +  i6), 
which  is  Launhardt's  formula  (as  given  by  Weyrauch)  for,  say,  forty 
million  repetitions  of  stress.  For  a  less  number  of  repetitions,  it  is 
found  by  working  over  the  values  given  in  the  original  experiments  that 
the  co-efficient  J  is  decreased,  and  becomes  quite  small  for  a  few  hun- 
dred thousand  repetitions,  which  is  nearer  the  number  to  be  j)rovided 
for  in  our  bridges  than  the  former.  The  iron,  in  these  experiments  on 
direct  tension,  broke  under  a  single  application  of  a  load  gradually  ap- 
plied (0  =  1)  at  45  000  pounds;  for  millions  of  api^lications  of  a  stress 
of  30  000  jjounds  per  square  inch  (the  stress  varying  from  0  to  30  000), 
rapidly  repeated,  the  bar  again  broke.  The  above  formula  becomes  for 
this  case,  unit  stress  =  30  000  (i  -f  i  0).  For  0  =  0  we  have  30000, 
for  6  =  1  we  have  45  000,  and  for  intermediate  values  of  0  the  formula 
is  found  to'agree  with  the  results  of  experiments. 

This  iron  was  not  such  as  we  would  use  in  bridges,  and  it  is  believed 
for  iron  whose  breaking  strength  is  50  to  55  000  pounds,  that  this  co- 
efficient of  0  would  be  smaller  for  the  same  number  of  repetitions.  The 
loads  were  very  rapidly  repeated,  and  the  conditions  could  only  be 
jDaralleled,  in  a  railfoad  bridge,  by  trains  gliding  rapidly,  without  appre- 
ciable friction  or  impact,  in  rapid  succession  across  the  structure.     It 


DISCUSSION   ON    RAILWAY   BRIDGE   DESIGNING.  209 

is  readily  granted  that  tliese  conditions  do  not  obtain  in  practice,  and 
yot  it  wonld  seem  that  we  liave  gained  sometLiug  valuable  from  the 
Wcihler  experiments,  that  we  should  not  throw  away.  We  certainly 
should  feel  ourselves  on  safer  ground  hj  asserting  (for  a  railroad  bridge, 
the  only  kind  I  shall  consider),  with  Wohler,  that  rei^etitions  of  a  load 
will  cause  destruction  sometimes  when  the  load  constantly  ajiplied  will 
not,  and  I  think  this  law  holds  true  even  where  the  loads  do  not  suc- 
ceed each  other  rapidly. 

Now,  what  are  the  conditions  for  a  railroad  bridge,  when  a  train 
headed  by  a  locomotive  rolls  over  itV  Professor  S.  W.  Robinson  (in 
Transactions  of  the  American  Society  of  Civil  Engineers  for  February, 
1887),  tells  us  that  as  the  locomotive  enters  ujaon  the  bridge,  and  before 
it  has  reached  the  center,  the  deflection  at  the  panel  jioint  nearest  the 
center  becomes  a  maximum,  and  that  a  rapid  vertical  and  horizontal 
oscillation  is  set  up,  which  continues  until  the  train  leaves  the  bridge. 
He  exjjerimented  on  spans  of  128  to  189  feet,  13  open  web  bridges 
lieing  examined,  the  records  of  horizontal  and  vertical  deflections  at 
each  instant  of  the  train's  passage  being  graphically  recorded  by  an  au- 
tomatic apparatus.  It  is  possible  that  the  increased  deflection  diie  to 
the  train  in  motion  over  that  for  the  train  at  rest,  was  due  in  part  to  the 
unsteady  motion,  not  in  a  straight  line,  but  deviating  laterally  and  verti- 
cally from  a  straight  line  every  instant;  mainly,  however,  to  the  centrifu- 
gal force  of  the  counter  weights  on  the  drivers,  which  hammer  away  at 
the  rails  at  each  revolution  of  the  wheels.  Professor  Robinson  found 
that  the  increased  live  load  deflection  for  freight  and  passenger  trains 
at  usual  speeds  (bie  to  the  motion,  varied  all  the  way  from  almost  noth- 
ing to  28  per  cent.  Out  of  a  hundred  and  ninety-three  train  transits 
observed,  twenty-five  gave  unusually  large  siiperadded  deflections, 
averaging  18.4  jjcr  cent. 

The  graphic  records  show  i^lainly,  I  think,  that  the  bridge  has  time 
to  recover  from  the  first  "  sudden  application  "  of  the  load  as  the  train 
advances,  so  that  the  superadded  deflections  due  to  the  train  in  motion 
over  those  for  the  train  at  rest,  when  at  the  maximum,  are  due  not  to 
the  "sudden  application,"  but  to  impact  and  vibration  from  unbal- 
anced weights  and  roiigh  track.  Now,  if  we  call  the  extra  stresses  in- 
duced by  the  extra  vertical  deflection  the  amount  due  to  impact,  we 
have  for  these  bridges  to  add  to  the  stress  caused  by  the  live  load  at 
rest  on  a  chord  member,  say,  18.4  jser  cent,  to  get  that  due  to  the  im- 
pact of  the  live  load  in  motion,  assuming  that  the  stresses  in  the  chords 
are  directly  proportional  to  the  deflection.  This  much  is  very  simple, 
and  if  similar  experiments  were  jierformed,  for  all  spans,  from  0  up  to 
500  +,  we  could  quickly  rid  ourselves  of  part  of  the  indeterminates  of 
the  problem  that  confronts  us. 

Having,  however,  got  this  far,  shall  we  assert  that  there  are  no  more 
stresses  caused  in  the  bridge  members  than  those  corresponding  to  this 
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vertical  deflection?  Surely  not,  for  the  horizontal  deflection  (which 
was  not  insignificant)  must  cause  additional  stresses  in  certain  mem- 
bers, and  besides  this,  many  members  may  be  largely  strained  from  the 
tremors  caused  by  the  bounding  and  bouncing  of  the  train,  whilst  other 
members  may  be  relieved  at  the  same  time,  so  that  the  result  is  not 
shown  in  the  deflection  to  an  appreciable  extent.  A  vibration  in  a  tie 
rod  at  right  angles  to  its  length  (which  we  know  occurs  from  the 
rattling  often  observed  as  a  bridge  is  crossed),  will  cause  additional 
stresses.  These  could  only  be  ascertained  by  a  direct  observation  of 
the  elongations  of  a  portion  of  the  tie  bar  as  the  train  passes. 

Granting,  then,  that  there  are  additional  stresses  to  those  corre- 
sponding to  the  vertical  deflections,  and  that  the  reiDctition  of  stresses 
due  to  the  passage  of  many  trains  a  day  will  lower  the  working  strength, 
what  shall  we  allow  for  these  influences  ?  Here  is  where  we  can  all 
honestly  differ.  Not  knowing  anything  better  than  the  Launhardt 
formula  to  express  these  influences,  especially  as  its  form  commends 
itself  for  its  simplicity,  I  shall  write,  for  the  safe  stress  in  jjounds  j)er 
square  inch,  for  wrought  iron  eye-bars  in  tension — 

5  =  10  000  (1  -f  i  0) (1) 

This  allows  for  repetition  and  stresses  caused  by  tremors  not  giving 
any  vertical  deflection,  and  assumes  that  these  two  influences  combined 
in  a  bridge  member  are  as  hurtful  as  millions  of  repetitions  rapidly  suc- 
ceeding each  other,  as  in  Wohler's  experiments.  To  use  this  formula, 
we  must  add  a  certain  per  cent,  of  the  live  load  to  itself  to  allow  for  the 
superadded  deflection  due  to  motion.  If  we  call  A  =  stress  in  a  lower 
chord  member  due  to  the  weight  of  bridge,  B  =  ditto  due  to  live  load  at 
rest,  and  Bj?  =  suiieradded  stress  corresponding  to  the  extra  deflection 
due  to  the  train's  motion,  then  the  cross-section  of  the  member  is  given 
by  the  formula, 

A  +  B  -{-  Bp 
b 

But  the  same  cross-section  can  be  foimd  by  dividing  the  sum  of 
stress  due  to  dead  and  live  loads  both  at  rest,  by — 

a>  =  8  000  (1  -f  i  0) (2) 

J^S(l-f;>)    _^ -4 -KB 

• "'   irO^O  (1  -j-  i'0)'~  8  000  (1  +  iO)' 

Thus,  for  the  bridges  mentioned  above,  Bp  —  .184  B  =  average 
stress  due  to  extra  deflections,  as  shown  by  the  average  of  twenty-five 
experiments  giving  the  largest  deflections.  As  0  for  these  spans  is 
about  -J,  ov  B  =  2A,  on  substituting  these  values  we  see  that  the 
equality  above  nearly  exactly  holds;  in  fact,  the  co-eflicient  of  0  in 
(2)  was  formed  from  this  equation  very  nearly.  Formula  (2)  gives  a 
range  of  stress  for   0  =  0  to  0  =  1,  from  8  000  to  15  000  pounds ;   but 
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as  this'differs  so  little  from  the  extremes  7  500  and  15  000,  I  prefer  to 
write,  for  simi)licity,  in  place  of  (2) — 

a  =  7  500  (1  +  0) (3) 

whence, 

A+  B(l  +  p)  _        A  +  B 

10000  (1  +  i  0)  ~   7  500  (1  +  6) ^^ 

Subtracting  (3)  from  (1),  we  have  for  the  decrease  in  unit  stress,  due 
to  impact,  which  causes  extra  deflection,  over  the  live  load  at  rest, 

2  500  (1  —  0) (5) 

For  all  dead  load  {0  =  1)  this  becomes  0,  and  for  all  live  load  9  =  0, 
it  reaches  its  maximum,  as  should  be  the  case.  For  intermediate 
values  of  0,  this  term  varies  directly  "wdth  0,  which  is  certainly  the 
most  simple  supposition  to  make.  As  it  is  interesting  to  see  what 
values  of  p  we  obtain  from  (4),  for  chord  members  for  various  spans,  I 
have  given  them  in  the  table  below,  for  assumed  values  of  0 : 


Span  in  Feet. 

0 

P- 

20 

.10 

.30 

70 

.20 

.28 

150 

.33+ 

.25 

300 

.50 

.22 

450 

.66+ 

.20 

This  allows  a  little  more  for  the  150-foot  spans  than  the  .  184  =  p 
first  taken,  which  is  not  to  be  regretted,  as  on  some  of  the  bridges  the 
deflections  due  to  motion  were  over  the  average  taken.  The  formula  (3) 
above  was  deduced  for  a  lower  chord  member.  A  similar  method 
applies  to  upper  chord  and  batter  braces,  with  the  modiflcation  due 
to  the  use  of  column  formulas.  For  counters  and  middle  ties  9  =  0, 
giving  p  =  .334,  or  slightly  over  the  .25  above  for  a  150- foot  span,  which 
is  not  to  be  regretted,  as  these  members  should  have  a  slight  increase 
in  their  section  due  to  their  small  size  and  greater  lateral  vibration. 
For  intermediate  ties  and  posts  the  unit  stress  increases  pretty  regu- 
larly from  the  center  to  the  ends,  as  it  undoubtedly  should.  The  ex- 
ceptional decrease  in  unit  stresses  for  counters  and  main  ties  is  thus  a 
strong  point  in  favor  of  the  formula  in  place  of  telling  against  it. 

Nothing  has  been  said  so  far  about  the  mild  steel  now  used  in 
bridges,  but  the  same  reasoning  would  load  to  a  similar  formula  to  (3) 
only  with  the  constant  7  500,  and  possibly  the  constant  0  slightly  in- 
creased, if  we  are  to  consider  at  allWeyrauch's  formulas  corresponding 
to  (1),  where  for  millions  of  rei^etitions  of  stress,  the  co-efficient  of  9  for 
steel,  having  a  breaking  strength  of  100  000  pounds,  was  found  to  be 
six-flfths  in  place  of  the  one-half  used  for  iron.     As  before  stated  for 
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iron,  tlie  conditions  of  the  experiments  are  not  those  of  members  in  a 
bi'iclge,  but  there  is  of  coui'se  rej^etition  of  stress  in  a  bridge  member, 
and  these  experiments  give  ns  some  insight  into  its  effect,  and  should 
help  us  in  coming  to  a  somewhat  safer  conclusion.  Finally  I  should 
say  that  if  (3)  is  modified,  it  should  be  in  the  direction  indicated  by 
Mr.  Waddell,  by  decreasing  somewhat  the  co-efficient  of  6,  for  reasons 
apparent  from  what  has  preceded. 

Frank  0.  Osborn,  M.  Am.  Soc.  C.  E. — A  full  discussion  of  the  sub- 
ject brought  up  by  Mr.  Waddell  must  be  productive  of  much  good  to 
designers,  builders  and  users  of  metal  bridges.  The  railway  comijanies 
in  particular  will  be  the  gainers  in  any  movement  resulting  in  a  greater 
uniformity  in  specifications,  and  consequent  diminished  cost  of  estimat- 
ing, for  while  the  expense  of  estimating  and  designing  is  borne  by  the 
bridge  companies  directly,  it  certainly  enters  as  an  item  of  cost  and  is 
l^aid  eventually  by  the  railway  companies. 

The  method  given  in  the  paper  for  finding  the  concentrated  load  at 
a  floor  beam  by  the  use  of  the  equivalent  uniform  load  for  a  span  of  two 
panel  lengths  can  hardly  be  called  new,  as  it  was  in  use  by  Mr.  Edwin 
Thacher  at  least  as  far  back  as  1885.  Regarding  the  determination  of  the 
lengths  of  flange  j^lates  for  plate  girders,  Mr.  Waddell  remarks  :  "The 
moment  parabola  referred  to  affords  a  very  expeditious  method  of  ascer- 
taining the  proper  lengths  of  cover  plates."  From  this  it  seems  that 
Mr.  Waddell  has  not  seen  the  very  neat  and  expeditious  method  given 
in  Mr.  Thacher's  pamphlet  on  the  slide  rule.  This  method  is  based  on 
the  equation  of  the  parabola,  and  is  as  follows  : 
Let .«,,  x.,  and  x.^  represent  the 

lengths  of  plates  reqiiired.     Let     i^ 1 ^ 

A I  represent  the  area  of  the 
outer  plate,  A2  the  area  of  the 
outer  two  plates,  and  A-^  the 
area  of  the  three  plates.  Let 
/  =  the  length  of  span,  then 


V--- 

X3-- 

■>,/ 

V- 

Xx- 

>,/ 

J 

\ 

<- X,  -- 

■ >!/ 

T 

A 

^^-^.^       ^^^ 

A, 

x^^  =  length  of  outer  plate  =  / 


2d 


3d 


Now,  for  any  given  case,  A^  and  I  are  constant,  and  the  values  of  .r,, 
X2,  etc. ,  may  be  obtained  by  means  of  the  slide  rule  directly  and  with  a 
single  setting  as  follows  :  Set  A,i  on  slide  to  I  on  scale  of  roots,  then 
opposite  ^j,  A.2,  etc.,  on  slide  read  i*,,  x.,,  etc.,  on  scale  of  roots.  These 
lengths,  .Tj,  X2,  etc.,  are  of  course  the  theoretical  lengths  for  a  true 
paral)olic  curve.  The  actual  lengths  should,  as  usually  specifled,  be  at 
least  1  foot  more  than  those  called  for  by  the  above  formula. 
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The  method  of  obtaining  end  shear  in  plate  girders  is  simple  and 
easy  of  applieation,  and  the  results  certainly  close  enough  for  all  i)rac- 
tical  pni'i^oses.  The  comparison  of  results  obtained  by  means  of  dia- 
gram and  by  the  uniform  load  is  certainly  interesting,  and  a  strong 
argument  in  favor  of  the  uniform  load.  The  idea  of  a  half  dozen  or 
moi'e  standard  typical  engines  is  an  excellent  one  ;  those  proi^osed  by 
Mr.  Waddell  have  the  advantage  of  simplicity  and  uniformity  in  spacing, 
and  should  be  ai)i)roved  by  tlie  engineers  of  the  railway  companies  to 
the  extent  of  adoi^ting  the  one  nearest  their  present  reij^uirements. 

In  regard  to  wind,  the  assumed  pressure,  for  ordinary  spans,  of  450 
pounds  jjer  foot  for  the  loaded  chord  and  150  pounds  per  foot  for  the 
unloaded  one,  seems  amply  si\£ficient.  For  long  spans,  iierhaps,  this 
loading  should  be  increased,  but  why  not  do  it  by  means  of  a  simple 
formula  which  will  give  the  load  per  foot  to  be  provided  for  in  terms 
of  the  length  of  span  ?  It  takes  no  small  amount  of  time  to  figure  up 
the  vertical  projection  of  a  long  span  truss,  and  probably  not  once  in  a 
lifetime  will  the  wind  strike  the  truss  in  the  exact  manner  assumed.  If 
an  equivalent  uniform  load  is  admissible  as  a  substitute  for  an  engine 
diagram  in  the  calculation  of  the  princii^al  members  of  a  truss,  and  T 
firmly  believe  that  it  is,  then  a  uniform  load  should  certainly  be  good 
enough  for  such  an  erratic  loading  as  wind  pressure.  The  eifects  of 
the  assumed  loading  should,  however,  be  fully  provided  for. 

The  proposition  to  increase  the  clear  width  of  through  bridges  to 
16  feet  for  single  track  and  29  feet  for  double  track  structures  is  an 
excellent  one,  and  the  only  objection  to  such  a  move,  namely,  the  in- 
crease in  cost,  would  be  much  more  than  offset  by  the  additional  safety 
secured.  I  agree  with  Mr.  Waddell  in  a  preference  for  a  rigid  lateral 
system. 

The  question  of  proper  depths  for  eye-bars  of  different  i^anel  lengths 
is  an  interesting  one,  and  the  following  table  shows  the  calculated  fiber 
strains  due  to  direct  bending  for  the  limiting  sizes  as  j^roposed  by  Mr. 
Waddell: 


Unsupported  horizontal 
length  of  bar. 

Minimum 

depth  of  bar. 

Strain  per  inch,  extreme  fiber. 

15  feet. 
17     " 
20     " 
24     " 
27     " 
HO     " 
33     " 
40     " 

2  inches. 
3 

4        ■■ 
5 
6 
7 
8 
10 

3  400  pounds. 

2  900 

3  000 
3  4.50 
3  6.50 

3  860 

4  100 
4  800 

When  it  is  considered  that  these  strains  should  be  added  to  those 
due  to  the  direct  tension,  and  that  the  above  table  represents  fairly  the 
present  practice,  it  appears  that  the  question  is  a   serious  as  well  as 
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an  interesting  one.  In  regard  to  spacing  of  stringers,  I  wisli  to  express 
myself  as  decidedly  opjjosed  to  stringers  placed  directly  under  the  rail. 
In  the  first  place,  the  impact  of  passing  loads  is  given  directly  to  the 
stringers  and  their  connections.  In  the  second  place,  the  weight  of  floor, 
beams  is  increased  on  account  of  the  extreme  leverage;  and  thirdly, 
agreeing  with  Mr.  Waddell,  ' '  outer  stringers  should  be  used  to  sup- 
port the  ends  of  ties  in  case  of  derailment,"  which  adds  still  further  to 
the  weight,  and  therefore  to  the  cost  of  the  structure.  The  stringers 
should  be  at  least  8  feet  centers,  and  I  think  9  is  even  better.  With  cross- 
ties  8  X  10  inches  there  is  amjile  strength,  and  with  the  1 4  or  2  feet  lever- 
age, there  is  spring  enough  to  the  tie  to  take  up  a  large  proportion  of  the 
impact  which  otherwise  would  all  go  to  the  stringer.  The  short  lever- 
age gives  a  light  floor  beam,  and  the  wide  spacing  obviates  the  neces- 
sity of  outer  stringers,  so  that  on  th§  whole  the  8  or  9  feet  spacing  gives 
&  better  as  well  as  a  cheaper  floor  than  one  with  stx'ingers  directly  under 
the  rails.  I  agree  with  the  author  in  the  preference  for  pine  instead  of 
oak  for  floor  timber. 

The  question  of  just  what  unit  stresses  are  proper  for  tension  mem- 
"bers  in  metal  bridges  can  hardly  be  satisfactorily  decided  until  ex- 
Laustive  j^ractical  experiments  have  been  made  in  this  direction.  The 
German  experiments  with  repeated  impacts  are  very  interesting  and 
valuable,  but  they  hardly  cover  the  case  of  bridge  members  subjected 
to  a  constant  and  sometimes  quite  large  strain  per  square  inch  from 
dead  load,  and  then  subjected  to  an  additional  live  load  strain.  We 
should  have  a  number  of  experiments  in  the  way  of  delicate  measure- 
ments on  stringers,  beams  and  eye-bars  of  bridges  under  engine  loads 
at  various  velocities  and  j^assing  at  various  intervals;  and  also  a  series 
of  tests  on  si^ecimens  subjected  to  a  steady  strain,  together  with  sud- 
denly applied  and  released  loads;  the  proportion  of  steady  and  sudden 
load  to  vary  and  also  the  time  between  the  impact  load. 

For  unit  strains  in  compression  members  my  preference  is  still  for 
the  general  form  of  Gordon's  formula,  and  I  am  inclined  to  think  that 
the  discarding  of  this  formula  by  some  of  our  most  prominent  bridge 
engineers  was  due  to  a  too  hasty  conclusion  in  regard  to  practical  ex- 
periments. Mr.  Thacher's  "straight  line"  f\)rmula  does,  of  course, 
agree  very  well  with  the  experiments  ;  from  its  construction  it  should. 
The  theory  of  Gordon's  formula,  however,  assumes  a  condition  of  the 
metal  corresponding  to  strains  within  the  elastic  limit,  and  we  know 
that  when  a  column  has  been  destroyed  in  a  testing  machine,  the  elastic 
limit  of  the  metal  has  long  been  passed.  Should  we  theu  say  that 
Gordon's  formula  is  wrong  because  a  column  fails  iiuder  a  condition  of 
affairs  entirely  foreign  to  the  basis  of  the  formula  ?  I  should  not  think 
so,  but  would  rather  think  it  better  to  make  careful  and  delicate  meas- 
urements dux'ing  column  tests,  before  the  metal  reaches  its  elastic  limit, 
instead  of  basing  a  formula  on  ultimate  failure. 
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In  regard  to  plate  girder  i)roportiouiug,  I  tliiuk  it  would  he  much 
better  to  keep  the  eomi:)ression  Hanges  withiu  tweuty  diameters  rather 
than  let  them  reach  thirty.  The  latter  is  I  think  too  much.  I  will 
take  this  opportunity  to  protest  against  the  pi-aetice  of  making  the  top 
and  hottom  flanges  of  plate  girders  of  different  areas,  instead  of  pro- 
portioning the  tension  flange,  and  then  making  the  comj^ression  flange 
of  the  same  gross  area.  As  plate  girders  are  usually  figured,  the  bend- 
ing moment  is  di\ided  by  the  depth  centei*  to  center  of  gi-a\4ty  of 
flanges,  in  order  to  get  the  flange  strain;  this  flange  strain  is  then 
divided  by  the  unit  strain  specified  in  order  to  get  the  desired  area. 
Now,  supi^ose  the  given  specifications  would  require  a  larger  area  for  the 
top  flange  than  for  the  bottom  :  the  center  of  gravity  of  the  girder  as  a 
whole  is  thereby  raised;  and  if  we  then  calculate  our  flange  strains  by 
means  of  the  moment  of  inertia  of  the  section,  which  is  quite  proper, 
we  find  a  larger  strain  in  the  bottom  flange  and  a  smaller  one  in  the 
top  than  retpiired  by  our  given  sjiecifieation. 

If  different  areas  in  the  flanges  are  desired,  then  they  should  be 
obtained  by  using  the  moment  of  inertia  of  the  section  instead  of  by 
dividing  by  the  depth  of  girder,  as  is  ordinarily  done.  When  the  web 
is  one  continuous  sheet,  I  think  it  perfectly  legitimate  to  count  one- 
sixth  of  it  as  flange  area  ;  when  very  deep  and  relatively  thin  and  with 
frequent  splices,  I  do  not  think  it  is  ad'S'isable  to  count  the  web,  except 
for  shear. 

W.  H.  Bkeithatjpt,  M.  Am.  Soc.  C.  E. — The  interesting  paper  under 
discussion  advocates  some  sound  principles  of  construction  which  it  is 
to  be  hoped  will  be  more  generally  followed  than  they  have  been. 
Whether  a  uniformity  in  sj^ecifications  and  design  among  bridge  engi- 
neers, much  closer  than  it  is,  -ndll  yet  be  arrived  at,  even  should  close 
uniformity  be  desirable,  is  qiiestionable.  Since  the  beginning  of  iron 
bridge  building  there  has  been  an  approximation  to  imiformity  in 
design,  at  least  among  American  bridge  engineers.  Any  advance  that 
has  sufficient  merit  is  soon  generally  adoi^ted.  So  much  is  this  the  case 
that  the  design  of  a  bridge  will  generally  tell  approximately  the  date 
of  its  construction.  No  department  of  engineering  has  experienced 
greater  development  during  the  past  fifteen  years  than  this,  and  with 
the  constant  improvement  in  material  and  the  advance  in  the  govern- 
ing conditions,  it  is  futile  to  think  that  we  have  arrived  at  anything  like 
a  finality.  Individual  differences  of  opinion,  too,  "n-ill  no  doubt  con- 
tinue to  exist  even  in  so  exact  an  art  as  bridge  building  has  become. 

Mr.  Waddell  makes  extended  argument  in  favor  of  the  equivalent 
uniform  load  method  of  calculating  stresses.  The  determination  of 
stresses  is  a  small  part  of  the  comjilete  designing  of  a  structure.  With 
a  slide  rule  and  a  table  of  squares  the  stresses  are  generally  soon 
figured  by  any  of  the  various  methods  individually  jjreferred.  But 
for  ordinary  fixed  spans  the  method  of  moments  some  time  ago  de- 
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scribed     before     the    Society 
("Cooi^er   on  American  Rail- 
road Bridges,"  July,  1889)  is 
not   only    more    exact,    as    is 
admitted,    but    requires   con- 
siderably less  work;  I  think  I 
am  safe  in  saying  that  it  is  the  _ 
one  most  generally  used  now. 
The  making  of  the  single  dia-  - 
gram    used    in    the    moment 
method  can  be  done  in,  say, 
one-quarter    of    the   time  re- 
quired   for     getting    up    the 
several  tables    of    equivalent  ~ 
uniform  loads  that  would  have  _ 
to  be  used. 

Fig.  1  is  a  typical  moment  ' 
diagram,    with   qiiantities    as  _ 
afi'ecting  one  truss,  made  on 
a  scale  to  be  conveniently  ap- 
plied  to   the    skeleton    of    a  _ 
truss.     The  upper  two  lines 
are   essential,  the   others  are 
added   for  convenience.     The  ' 
successive  moments  on  the  dia- 
gram are  quickly  obtained  by 
adding  to  the  moment  ujj  to  - 
any  point  the  product  of  the 
total  loads  up  to  that    point  ' 
by  the  distance  to  the  next  one. 
Unequal  i^anel  lengths  do  not 
affect  the  facility  of   applica- 
tion of  this  method,  as  separate 
panel  concentrations  are   not 
used.  Long  spans  make  practi- 
cally no  ditference.    When  the 
chords  are  not  parallel   some 
extra  work  is  required  for  ob- 
taining web  stresses  in  locating 
the  intersections   for    origins 
of  moments.     For  the  case  of 
some  of  the  leading  loads  be- 
ing ott'  the  span  the  proper  mo- 
ments are  obtained,  again  from 
the  diagram,    by   two  simple 
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subtractions.  The  moviug  load  railways  can  carry  is  not  now  so  mnch  a 
qiicstion  of  bridges  as  of  track,  Avhicb  latter  sesms  to  be  abont  taxed  to 
its  limit  by  the  present  heaviest  mo\aug  loads,  until  radical  changes  are 
made.  Regulation  of  loads  must  be  considered  as  outside  of  the  prov- 
ince of  bridge  engineers.  What  they  can  do,  as  has  been  stated,  is 
to  design  for  proper  j^roportion,  which  may  be  assumed  to  remain 
fairly  uniform,  of  excess  of  concentrated  load  to  general  load,  so  that 
bridges  may  remain  uniformly  strong  throughout.  As  to  wind  pressure, 
the  assumption  of  fixed  loads  per  running  foot,  as  often  specified, 
should  not  l)e  applied  to's^jans  of  over  200  feet  in  length,  taking  for 
longer  spans  a  pressure  per  square  foot  of  surface,  and  considering 
eifective  surfaces  by  the  method  as  given  in  the  paper,  which  is  a  good 
one.  The  more  rational  way  of  considering  the  overturning  elfect  is 
that  it  travels  partly  by  toj)  chords  through  the  portal  and  jjartly 
directly  to  the  bottom  chords,  and  pro^^[de  for  this  overturning  eftect 
in  the  bottom  chords  by  means  of  a  large  unit  strain. 

Riveted  pony  trusses  have  their  proper  jjlace,  where  deep  floors  are 
admissible,  for  spans  of  from  100  to  125  feet.  It  is  true  that  with  shal- 
low floor  beams  with  chord  brace  to  bracket  extensions  on  beams,  the 
deflection  of  the  beams  may  injuriously  vibrate  top  chords;  this  con- 
dition should  rule  out  this  class  of  bridge.  When  it  can  properly  be 
used,  a  pony  truss  with  its  heavier  sections  and  greater  comj^actness  will 
be  more  rigid  and  as  economical  as  a  high  overhead  braced  span  of  the 
same  length  would  be.  Reduction  in  cost  of  material  and  consequent 
proportionally  greater  sa\dng  if  shop  work  is  reduced,  as  well  as  con- 
siderations of  efficiency,  have  strongly  tended  to  simplification  of  design. 
One  manifestation  of  this  is  in  the  use  of  the  present  long  jjanels.  The 
use  of  a  few  liars  of  large  section  instead  of  more  of  smaller  section 
is  for  several  reasons  desirable;  but  for  prevention  of  sagging  in  the 
bottom  chord  bars,  increase  of  section  is  not  required  and  is  not  as 
effective  against  either  sagging  or  vibration  as  are  mid-panel  brackets 
now  used  for  supporting  chord  bars.  Such  brackets  are  an  extension 
of  transverse  brace  frames  between  the  stringers. 

The  author  gives  a  bridge  floor  which  is  in  many  respects  a  good 
one.  Oak  is  more  generally  used  for  ties  and  guard  rail  than  i:)ine, 
but  good  pine  is  to  be  preferred.  For  guard  rails  j)ine  is  par- 
ticularly preferable,  as  it  is  almost  impossible  to  keep  an  oak  guard 
rail  straight.  Oak  and  pine  should  not  be  used  together,  as  the 
acids  from  the  oak  will  destroy  the  pine.  Preserved  woods  are 
strongly  to  be  recommended  for  bridge  floors.  For  the  best  floor  the 
stringers  should  be  directly,  or  almost  so,  under  the  rails,  as  other- 
wise the  ties  will  deflect.  Then  there  should  be  outer  safety  stiingers 
under  or  directly  outside  of  guard  rails.  The  inner  guard  rail  should 
be  a  railway  rail,  which  may  be  of  lighter  section  than  the  regular  rail 
used.     The  dapping  of  the  guard  rail  is  depended  on  for  preventing 
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bunching  of  ties;  a  bolt  to  every  tbircl  tie  will  properly  bold  down  the 
guard  rail.  Some  form  of  nut  lock  is  essential  for  all  bolts  in  the  floor 
or  elsewhere  about  a  bridge,  as  without  it  nuts  will  invariably  work 
loose.     This  is  something  that  is  freciuently  neglected. 

Under  intensities  of  working  stresses  the  author  gives  the  well 
known  Launhardt  formula.  The  formula  is  not  much  used  now  in  this 
shape;  but  its  principle  is,  in  a  more  readily  applicable  way,  by  using 
greater  unit  strains  for  live  load  than  for  dead  load. 

To  use  end  floor  beams  is  the  jjroper  thing  to  do.  Besides  the  advan- 
tages in  their  favor  mentioned  by  the  aiithor,  there  is  this,  that  they 
obviate  injurioiis  hammering  of  the  masonry,  which  takes  place  when 
end  stringers  rest  directly  on  it.  It  often  occurs  that  floor  beams  have 
to  be  reduced  in  depth  at  their  ends  to  fit  them  to  the  posts  or  to  clear 
the  bottom  chords.  Efficient  reinforcement  to  eifect  this,  when  rein- 
forcement is  required,  can  generally  be  accomplished  much  more 
economically  than  by  going  to  the  extreme  of  running  an  intermediate 
flange  the  entire  length  of  the  beam. 

The  author's  remarks  on  eccentricity  of  connections  and  on  in- 
duced bending  moments  by  certain  groupings  of  rivets  are  strongly  to 
the  point.  It  is  to  be  regretted  that  he  has  not  said  something  on  the 
disputed  question  of  impact.  The  effect  of  impact  depends  on  the  speed 
of  the  moving  load  and  on  change  in  direction  of  surface  from  the  ground 
to  a  bridge  and  on  a  bridge ;  but  how  much  should  projierly  be  allowed  for 
this  effect  is  as  yet  a  matter  of  conjecture  only.  It  is  a  minimum  when 
the  floor  system  is  stiff  and  rigid  and  deflects  very  little  under  moving 
loads;  with  a  surface  which  changes  direction  only  very  gradually  if  at 
all,  and  is,  as  near  as  can  be,  a  straight  continuation  of  the  ground  sur- 
face. In  painting,  another  subject  not  mentioned  in  the  paper,  there  is 
to  be  said  that  the  use  of  oxide  of  iron  i)aints,  now  so  general,  is  much 
to  be  deprecated.  The  jiigment  in  these  paints  is  simply  rust,  which 
on  iron  or  steel  tends  to  induce  more  rust.  Lead  oxides,  or  carbonates, 
such  as  red  lead  and  white  lead,  and  linseed  oil,  should  be  iised. 

Fbank  W.  Skinnee,  M.  Am.  Soc.  C.  E. — Without  entering  ui^on 
the  mathematical  deductions  of  this  very  comprehensive  and  valuable 
l)aper,  I  wish  to  discuss  some  principles  and  practical  considerations. 

Live  LoacU. — I  believe  in  the  use  of  engine  excesses  and  real  train 
values  for  the  computation  of  live  load  strains;  these  should  be  assumed 
for  present  or.  futiire  conditions  of  traffic,  and  those  data  selected  which 
will  give  the  maximum;  so  that  difterent  loads  as  well  as  different  i)o- 
sitions  of  the  same  loads  may  be  required  to  give  maximum  results  for 
different  parts  of  the  structure,  each  of  wliich  sliould  bo  proportioned 
for  its  maximum.  This  leaves  no  uncertainty;  the  definitely  stated 
problem  is  accurately  solved.  By  the  eqiiivalent  distribution  system 
only  one  of  many  possible  conditions  is  assumed,  and  an  approximate 
equivalent  is  substituted  for  that. 
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A  prime  function  of  any  constructing  engineer  is  to  make  the  most 
careful  and  accurate  assumptions,  founded  on  skill  and  exijerience,  and 
then  prepare  exact  computations  therefrom.  Exact  computations  are 
complained  of  as  laborious — so  is  most  valuable  engineering  work;  but 
the  mathematician  is  only  a  small  part  of  the  engineer;  and  the  bridge 
concerns  that  compute  and  build  four-fifths  of  the  railway  bridges, 
have  special  computers  who  are  continually  emjiloyed  solely  on  strain 
sheets.  Economy  should  be  practiced  in  restricting  the  useless  multi- 
plicatidi  of  designs  and  estimates  by  unsuccessful  bidding  on  the  same 
striicture,  by  inviting  bids  from  only  a  limited  number  of  select,  re- 
sponsible parties. 

Wind  Pressure. — This  is  usually  considered  as  dead  and  live  load; 
should  it  not  also  be  figured  for  the  impact  that  it  undeniably  exerts 
through  sudden  gusts? 

Proportions  of  Bridges. — Under  certain  conditions  the  inclination 
from  the  vertical,  of  the  j^lanes  of  the  main  trusses  of  long  sjjans,  so  that 
their  cross-section  is  somewhat  like  a  truncated  inverted  V>  is  worthy 
of  consideration  as  affording  economy  of  upper  lateral  and  floor  sys- 
tems and  increasing  the  rigidity.  Mr.  Waddell's  jjlea  for  jjroperly  de- 
signed floor  systems,  protection  and  re-railing  appai*atus,  cannot  be  too 
strongly  endorsed.  I  believe  the  tendency  is*  toward  the  use  of  too 
heavy  eye-bar  bars.  When  a  bar  exceeds  10  inches  x  2  inches  x  40  feet, 
it  is  very  doubtful  if  the  steel  of  which  it  is  composed  receives  sufficient 
work  in  its  reduction  from  the  comi^aratively  small  ingots  generally 
used;  and,  so  far  as  I  know,  cross-sections  of  that  size  never  receive  any 
edge  rolling  after  leaving  the  blooming  rolls,  as  I  believe  they  certainly 
need. 

Jnfensities  of  Worki/u/  Strains. — -I  think  that  the  author  has  over- 
looked the  results,  occasionally  rej)orted,  of  tests  upon  bridge  members 
after  having  been  a  long  time  in  use,  and  I  should  be  glad  if  railroad 
bridge  engineers  could  furnish  more  of  them  as  theii-  bridges  are  re- 
newed. Such  tests  would  be  of  especial  practical  value  if  they  could  be 
accompanied  by  the  length  of  service  and  the  original  tests  of  the  same 
material  when  manufactured.  I  would  like  to  know  what  pro%dsion  is. 
allowed,  and  what,  if  any,  experiments  or  observations  have  been  made 
on  the  effect  of  impact  strains  added  to  existing  heavy  static  strains.  It 
does  not  accord  with  our  theories  of  steel  to  suppose  that  tension  mem- 
bers built  of  plates  and  shai^es,  are  as  strong  per  net  square  inch  of 
cross-section  as  are  eye-bars;  because  shapes  and  wide  plates  are  not  ex- 
pected or  generally  required  to  give  as  high  unit  strength  in  small  test 
pieces  as  flats  and  rods  do.  They  cannot  have  their  strength  in- 
creased l)y  reworking,  and  if  injured  at  all  by  jjunching,  shearing,  etc., 
they  cannot  be  restored,  as  are  eye-bars,  by  annealing. 

Combined  Stresses. — I  should  like  to  see  the  proof  that  the  addition 
referred  to  of  17  square  inches  of  reinforcement  to  the  section  of  a  bridge 
post  could  increase  the  working  strains  so  enormously  as  18  per  cent. 
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Plate  Girder  Proportioning. — I  endorse  the  limitation  of  tlie  number 
of  flange  plates  allowed,  and  tliink  that  part  of  the  chord  section  may 
often  be  advantageously  disposed  in  -web  plates. 

It  is  doixbtfiil  if  it  is  desirable  to  have  the  best  machine  driven 
rivets  6  or  8  inches  long  between  heads,  and  it  is  certain  that  a  hand 
driven  rivet  of  that  length  is  very  imperfect.  It  is  also  evident  that 
livet  holes  which  would  match  pretty  well  for  two  or  three  plates, 
would  require  much  more  reaming,  and  considerably  weaken  the  sec- 
tion when  carried  through  a  high  pile  of  plates.  Inspectors  will  some- 
times condemn  machine  driven  rivets  for  slight  excentricities  of  head, 
etc. ,  when  they  can  be  replaced  only  by  hand  driven  rivets  that  are  in- 
comparably worse;  to  say  nothing  of  the  injury  done  to  the  i^lates 
(especially  steel  ones),  in  forcing  out  a  large,  long,  well  upset  rivet. 

I  shall  be  glad  to  see  the  detail  that  Mr.  Waddell  describes  as 
having  practically  and  satisfactorily  accomplished  the  fociising  of  all 
lines  of  strain,  at  an  absolute  point  at  the  center  of  a  main  truss  lower 
chord  connection.  I  do  not  wish  to  advocate  the  general  use  of  sus- 
pended floor  beams,  but  I  think  there  may  be  conditions  where  a  well 
built  suspended  floor  beam  is  preferable  to  one  with  a  poorly  riveted 
and  poorly  arranged  rigid  j^ost  connection.  A  j^romiuent  bridge  com- 
pany with  which  I  was  once  connected  imported  and  used  soft  steel 
almost  entirely  at  that  time.  Much  of  the  steel  was  Belgian  shapes, 
and  endured  wonderfully  severe  cold  bending  tests.  Angles  and 
channels  could  be  bent  backward  and  almost  tied  up  Tvithout  crack- 
ing. Experiments  were  made  with  the  use  of  these  channels  (heavy 
webbed  6-inch  bars,  as  I  remember)  for  floor  beam  susjaenders.  The 
channel  bar  was  bent  at  the  middle  completely  around  a  pin  (slightly 
smaller  than  the  required  one).  The  ends  were  then  brought  down 
parallel,  back  to  back,  about  three-eighths  inch  ajjart,  so  that  their 
webs  would  rivet  vertically  across  the  end  of  the  web  of  the  floor  beam, 
and  the  looj)  above,  projjerly  reamed  out,  would  receive  the  lower 
chord  pin.  I  do  not  know  what  the  result  of  the  experiments  was,  for 
I  did  not  see  them  concluded,  but  I  believe  that  the  channels  endured 
.the  treatment  and  made  pretty  stiff'  suspenders. 

A.  J.  S^TFT,  M.  Am.  Soc.  C.  E. — Mr.  Waddell's  jjaper  is  certainly 
an  excellent  one  in  its  scope,  covering  as  it  does  many  points  upon 
which  opinions  differ  among  bridge  designers  and  which  are  often  dis- 
cussed; but  never  before,  it  is  thought,  assembled  in  such  form  as  to 
give  the  professional  i)ublic  a  chance  to  express  its  views  upon  so  many 
debated  points  all  together,  and  in  a  form  sure  to  meet  the  eye  of  the 
profession  at  large. 

As  one  who  has  experienced  the  troubles  noted  by  Mr.  Waddell 
in  using  typical  train  and  engine  loads  with  exact  wheel  concen- 
trations, I  can  heartily  endorse  what  is  urged  by  him  as  to  the  need 
for  the  use  of  a   simpler  form   of  load.     I  would  suggest,  however, 
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as  more  consistent,  in  being  nearer  tlie  facts  of  the  case  than  a  uni- 
form load  several  times  greater  than  the  heaviest  train  in  use,  the 
often  adopted  expedient  of  a  single  concentration  of  the  engine  excess 
sufficient  to  equal  a  panel  load  (floor  l)eam  shear),  arising  from  an  ideal 
engine  of  sufficient  weight  to  discount  a  considerable  increase  in  gross 
weight  of  the  heaviest  type  of  engine  to  be  used.  This  single  concen- 
tration to  be  located  for  strains  in  web  members,  at  the  head  of  a  uni- 
form load,  equivalent  to  a  train  similarly  in  excess  of  the  heaviest 
train  actually  in  use,  and  located,  for  chord  strains,  at  any  i)oint  in 
such  a  uniform  train  load.  Also  a  single  concentrated  weight  still 
greater  than  that  above  noted  for  calculation  of  strains  in  stringers; 
this  latter  weight  to  vary  with  the  lengths  of  panels,  and  its  amount  to 
be  based  also  upon  the  heaviest  existing  engine,  with  due  allowance  for 
future  increase.  For  floor  beams,  it  is  thought  that  the  well  known 
proportions  between  stringer  shear  and  floor  beam  shear  would  suffice 
to  insure  sufficiently  exact  results.  This,  it  is  submitted,  would  seem 
to  meet  the  difficulties  as  to  complexity  of  calculation  without  going 
too  far  backward  toward  the  practice  of  former  days  of  using  uniform 
loads  only,  and  the  consequent  loss  of  view  of  the  true  form  of  the 
problem  in  hand.  It  would  leave  the  general  problem  in  its  true  form, 
without  introducing  annoying  intricacies  in  calculation. 

To  any  one  who  can  recall  the  changes  in  opinion  as  to  curved  or 
other  than  parallel  chords,  floor  beam  connections,  compression  for- 
mulas and  curves,  the  efiects  of  live  loads  as  compared  with  dead  loads, 
etc.,  which  have  been  noted  within  the  past  twenty  years,  and  the 
diversity  of  view  which  now  exists  upon  such  points,  Mr.  Waddell's 
claim  that  there  is  such  a  thing  as  unnecessary  refinement  in  concentra- 
tion certainly  recommends  itself  ;  and  the  fact  that  such  points  as  the 
effect  of  -\^ind  in  throwing  excessive  load  from  a  train  upon  leeward 
stringers  and  floor  beam  connections  has  been  neglected,  while  the 
effects  arising  from  the  same  cause  in  towers  and  lateral  systems  has 
been  carefully  provided  for,  may  also  be  noticed  as  warranting,  for  the 
sake  of  consistency,  a  less  minute  amount  of  care  as  to  points  like  this, 
of  concentration  of  rolHng  loads. 

It  is  thought  that  no  one  will  contest  the  truth  of  the  ground  taken 
by  Mr.  Waddell  as  to  the  advantage  of  using  plate  girders  uj)  to  90 
feet  span,  although  it  seems  aj^parently  a  step  backward  toward  the 
days  of  tubular  bridges;  but  it  is  suggested  that  some  distinction 
should  be  made  as  to  the  different  allowable  spans  of  plate  girders  for 
double  and  single  tracks,  such  as  he  has  made,  in  regard  to  the  length 
of  lattice  trusses.  He  has  drawn  the  line  in  this  latter  connection,  it 
is  thought,  at  exactly  the  right  jioint,  but  has  not  stated  his  reasons 
for  so  doing.  I  may  be  permitted  to  say,  that  ^a  good  reason  for 
endorsing  his  views  is,  that  the  result  of  exjieiience  gained  in  keeping 
in  repair  a  large  number  of  riveted  bridges  for  many  years,  has  been 
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to  show  that  the  thickness  of  the  iron  vised  and  riveted  is  really 
the  controlling  feature.  This  experience  proves  that  well  and  heavily 
designed  bridges  of  the  lattice  type  and  of  recent  date,  in  which  con- 
nections of  diagonals  with  chords  through  several  inches  of  metal  have 
been  made  by  means  of  1-inch  rivets,  have  required  greater  care  and 
more  frequent  renewal  than  those  in  which  the  rivets  have  passed 
through  thinner  metal;  although  the  rivets  in  the  latter  have  been 
under  much  greater  shearing  and  bearing  strain  for  many  years.  It 
would  seem  that  the  vibration  of  a  web  member  in  tension  composed 
of  heavy  angle  bars,  has  seemed  to  fairly  pry  off  rivet  heads  and  loosen 
them,  and  that  this  really  constitutes  the  limiting  feature  in  such  de- 
signs. 

This  being  the  case,  it  would  seem  that  70  feet  for  a  double  track 
plate  girder  span  of  either  two  or  three  girders  is  about  the  useful 
limit,  and  90  feet  for  single  track  girders,  with  riveted  lattice  trusses 
(rather  than  the  limits  noted  by  Mr.  Waddell),  and  pin  connections  for 
longer  spans.  The  views  expressed  in  this  paper  as  to  avoiding  all 
pony  trusses  certainly  seem  sound,  but  an  exception  can  be  made,  it  is 
thought,  in  the  case  where  floors  can  be  made  so  deep  as  to  give  to  the 
top  chord  the  suiJjDort  of  a  stiff  connection  with  the  floor  beams,  whose 
top  flanges  are  not  more  than  2  or  3  feet  below  them.  This  limit  of  the 
length  of  riveted  lattice  spans  on  account  of  the  failure  of  riveting 
through  thick  iron  at  the  connection  of  diagonals  with  cross  chords, 
seems  to  conflict  with  and  render  invalid  Mr.  Waddell's  strictures  upon 
lattice  work  of  more  than  one  system;  since  it  often  occurs  that,  in  the 
design  of  lattice  spans  even  of  the  length  endorsed  by  him,  two  or  more 
systems  (up  to  four)  have  to  be  introduced,  in  order  to  keep  down  this 
objectionable  thickness  at  these  points  of  connection.  Furthermore,  it 
is  submitted  that  practically  no  trouble  was  ever  found  to  result  from 
the  use  of  several  systems,  while  certainly  cases  are  on  record,  as 
witnessed  by  numerous  photograj)hs,  where  serious  accidents  have 
been  unscientifically  prevented,  by  the  aid  given  by  one  system  to 
another  disabled  by  a  derailed  train.  This  feature  would  seem  to  be 
the  one  really  giving  the  lattice  bridges  the  superiority  noted  by  Mr. 
Waddell  as  existing  over  pin  bridges  in  case  of  derailment.  This  in- 
creased safety  is  obtainable  for  pin  bridges  by  enlarging  the  clear  width 
between  trusses  so  as  to  remove  them  beyond  the  reach  of  impact  from 
a  derailed  train;  it  would  therefore  seem  a  pity  to  deprive  the  riveted 
bridges  of  this  peculiar  and  great  element  of  value. 

The  riveted  lattice  truss  was  the  first  step  toward  concentrating 
upon  known  lines  the  strains  of  unknown  location  and  direction  exist- 
ing in  webs  of  plate  gii-ders,  and  it  does  not  seem  clear  that  it  is  the 
true  drift  of  bridge  engineering  now  to  try  to  force  it  (the  lattice  truss) 
to  comply  with  the  form  found  desirable  in  its  offsjiring  with  jsiu  con- 
nections.    Furthermore,  secondary  strains  at  connections  are  lessened 
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by  koeijiug  the  members  within  reasonable  limits  of  size,  rather  than 
increasing  them  as  would  be  necessary  if  the  form  of  truss  were  limited 
to  the  Warren  girder.  Rigidity  also  is  of  great  value  in  preserving  tie 
livets  in  the  chord  connections  of  riveted  work,  much  more  so  it  is 
submitted,  than  with  pin  connections,  and  therefore  shorter  ijanels  and 
consequently  more  systems  seem  justifiable.  Again,  one  serious 
theoretical  defect  in  lattice  bridges,  is  that  the  shear  in  passing  from 
one  diagonal  to  the  next  is  necessarily  carried  by  the  chord  as  trans- 
verse strain,  and  this  objectionable  feature  is  certainly  diminished  by 
lessening  the  amount  of  this  shear  so  carried  at  each  section  of  the 
chord  at  panel  jooints,  this  result  being  reached  by  the  use  of  several, 
rather  than  one  system.  It  is  submitted  that  such  views  as  those  ex- 
pressed by  Mr.  Waddell,  and  adopted  in  many  lattice  trusses,  have  re- 
sulted in  structures  which  cannot  be  classified  as  "fish,  flesh  or  fowl," 
the  result  being  unfair  criticism  upon  the  excellent  class  of  work  of 
which  these  structures  are  not  fair  types;  and  that  their  manifest  short- 
comings almost  warrant  belief  that,  with  few  exceptions,  designers 
accustomed  to  one  form  of  bridge  cannot  jiroi^erly  design  the  other. 

Exception,  it  is  thought,  may  also  be  taken  to  Mr.  Waddell's  state- 
ment that  plate  girders  should  be  riveted  in  full  at  the  shops  and  not 
shijiped  in  parts  to  facilitate  erection.  The  difficulty  in  erecting 
whole  a  girder  of  90-feet  span,  even  for  a  single  track,  is  very  con- 
siderable, and  it  has  not  been  found  that  field  riveted  work  i^roperly 
done  is  so  inferior  to  that  done  at  shoxas  as  to  be  inadvisable,  if  a  suffi- 
cient excess  in  number  of  field  rivets  is  allowed  ;  while  the  danger  of 
accident  to  large  completed  girders  during  transportation  and  erection 
is  serious,  resulting  as  it  does  from  lifting  them  by  improper  points  of 
support  during  transhipment  and  also  at  their  destination. 

As  regards  sjjacing  track  stringers  or  girders  of  short  sjian,  it  is 
suggested  that  the  points  to  be  gained  are  a  uniform  supi)ort  to  a  de- 
railed train  inside  of  the  tie  bearings  on  stringers,  without  the  use  of 
ties  of  unnecessary  dimensions  and  consequently  unnecessary  exj)ense; 
and  that  a  distance  of  7  feet  between  centers  of  stringers  with  ties 
8x8  inches  x  10  feet,  accomplishes  this  result,  and  that,  too,  without 
going  further  than  necessary  in  the  direction  of  a  return  to  timber 
floors  resting  upon  stringers  hung  in  the  line  of  the  chords,  such  as  were 
more  or  less  in  vogue  in  the  past.  The  additional  expense  for  one 
renewal  of  ties  ui^on  bridges  under  my  charge  which  would  result 
from  adopting  Mr.  Waddell's  standards,  would  be  $33  000,  a  serious 
item  if  not  really  essential  to  safety. 

In  answer  to  Mr.  Waddell's  inquiry,  I  would  say  that  a  number  of 
cases  of  split  angles  in  toiJ  flanges  of  stringers  and  gii'ders  not  proi3- 
erly  supported  by  fitted  stiffening  angles,  have  been  noted  in  work 
under  my  charge,  and  that  on  this  account  a  projjer  jjrovision  of 
this  kind  seems  very  advisable  at  points  throughout  their  length  as 
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well  as  at  their  ends  ;  but  it  is  suggested  that  their  service  in  prevent- 
ing buckling  of  webs  over  bearings  and  elsewhere  would  be  as  effi- 
ciently performed  without  this  bearing  upon  flange  angles,  since  the 
load  which  this  fitting  enables  them  to  take  is  only  that  from  a  local 
application  over  them,  while  the  instant  before  the  wheel  reaches  this 
point,  the  web  has  to  carry  almost  the  same  shear,  and  to  resist  almost 
the  same  buckling  tendency.  It  may  be  allowable  to  add,  that  during 
an  experience  covering  a  number  of  years,  every  case  of  failure  noticed 
in  iron  bridges  has  been  in  the  tension  flanges  of  track  stringers;  which 
have  been  found  from  errors  in  workmanship  or  in  original  design  to 
have  been  strained  to  15  000  pounds  and  more  per  square  inch  of  net 
section  at  the  point  of  fracture;  while  truss  members  have  been  found 
in  the  older  class  of  bridges  which  have  been  strained  not  less  than 
22  000  pounds  per  square  inch  hourly  for  years,  and  still  have  shown 
no  sign  of  failure  or  deterioration  when  removed.  This  illustrates  in  a 
rough  way,  it  is  thought,  the  injurious  effect  (now  so  well  recognized) 
of  direct  application  of  strain  as  compared  with  its  more  gradual 
application. 

Numerous  instances  have  been  found,  upon  the  other  hand,  when 
before  reinforcement,  top  chords  of  old  deck  lattice  spans  of  sections 
shown  have  supported  ties  directly,  with  a  span  between  panel  points 
of  from  10  to  12  feet,  and  have  shown  — — .  — —  =S 

no  signs  of  failure  after  twenty  years'  I  I  I 

service,  although  they  were  practically 
stringers  with  no  bottom  flanges  what- 
ever, and  also  strained  as  truss  members.  This  fact  is  noticed  merely 
as  an  illustration  of  the  extremity  which  bad  designing  has  reached 
in  the  past,  and,  it  is  feared,  sometimes  reaches  even  now;  and 
to  emphasize  the  fact  noted  above,  that  theories  seem  to  fail  in 
view  of  the  known  results  of  such  cases  of  overstrain,  and  that  there- 
fore it  scarcely  seems  necessary  to  carry  the  refinement  of  concentra- 
tion of  rolling  loads  and  their  proper  location  upon  bridges  to  obtain 
maxima  strains,  to  the  extent  which  has  been  customary  and  required 
in  recent  years. 

Mr.  Waddell's  views  as  to  rigid  lateral  systems  and  the  advantages- 
of  unadjustable  truss  members  have,  of  course,  always  been  held  by  de- 
signers of  riveted  latticework;  and  it  has  often  been  urged  with  justice, 
that  a  considerable  economy  of  material  results  from  these  rigid  lateral 
systems,  since  both  Warren  girders  of  a  doiible  lateral  system  of  this 
kind  can  be  assumed  to  be  under  strain  by  wind  load  in  one  direction- 
one  of  each  pair  of  intersecting  members  acting  in  tension  and  the 
other  in  compression. 

His  views  as  to  spacing  ties  and  the  use  of  guard  timbers  have  cer- 
tainlv  the  support  of  innumerable  cases  of  safely  carried  derailed 
trains;  l)ut  from  the  point  of  view  of  one  wishing  to  incur  no  expense 
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not  demonstrated  to  be  really  necessary,  I  would  suggest  that  a 
clear  sjjace  of  6  inclies  between  ties  and  a  giiard  rail  6x8  inches, 
gained  1  inch  and  bolted  to  every  third  tie,  seems  from  actual  experi- 
ence to  provide  amply  against  "bunching"  under  derailed  wheels. 
It  may  be  added  that  any  spreading  of  guards  at  the  ends  of  a  bridge 
greater  than  the  8  or  9  feet  of  lengih  of  track  ties  is  useless,  since 
a  truck  oil'  of  the  track  and  l)cyond  the  ends  of  the  track  ties  would  cer- 
■  taiuly  sink  in  the  ballast  and  overturn  its  car  or  break  the  couplings, 
so  that  no  benefit  would  result  from  a  further  spread  of  the  ends  of 
the  guards.  Experience  in  maintaining  iron  bridges  under  heavy 
traffic  fully  justifies,  it  is  thought,  the  use  of  end  floor  beams,  since  the 
direct  impact  of  wheels  upon  the  ends  of  stringers  frequently  shatters 
stone  bearings  or  causes  the  bed  plates  of  stringers  to  cut  into  them, 
resulting  in  bad  surface  of  track,  and  necessitating  shimming  under 
ties  at  the  ends  of  bridges,  which  is  certainly  a  most  objectionable 
feature  in  their  maintenance. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — Undoubtedly  much  more  can  be 
accomplished  toward  uniformity  in  bridge  designing  by  concerted 
action  among  engineers,  more,  I  believe,  through  the  report  of  a  com- 
mittee of  the  Society  than  through  a  general  discussion  like  the  one 
proposed  by  Mr.  Waddell,  which  is  bound  to  treat  the  subject  in  an 
unsystematic  and  necessarily  rambling  way.  I  do  not  mean  that  the 
report  of  such  a  committee  should  be  made  fast  and  binding,  a  mandate 
of  the  Society  for  all  to  follow  ;  it  would  merely  cover  in  the  end  the 
recommendations  of  the  ablest  of  our  engineers,  members  of  the  com- 
mittee, and  have  such  weight  as  their  reijutations  and  investigations 
would  warrant,  the  Society  acting  as  the  agent  for  whom  such  investi- 
gations were  made  and  by  whom  such  recommendations  were  developed 
and  announced. 

It  would  certainly  be  well  if  some  uniform  system  of  loading  could 
be  agreed  ui^on,  simple  enough  to  involve  less  loss  of  time  in  esti- 
mating on  bridge  work,  a  loss  which  is  absolute  to  the  unsuccessful 
bidder.  The  employment  of  equivalent  uniform  loads  will  probably 
help  the  matter  somewhat ;  there  are  so  many  problematical  contin- 
gencies in  our  railroad  loadings  and  the  chances  are  so  greatly  in  favor 
of  increased  loadings,  that  it  is  well  not  to  indulge  in  over-refinement  in 
calculations,  but  to  assume  some  gross  figure  sure  to  provide  amply  for 
the  present  and  somewhat  for  the  future,  the  error,  if  any,  being  on  the 
side  of  safety  ;  if  the  cost  is  somewhat  greater  it  shoiild  be  considered 
a  -^ise  investment.  The  extent  to  which  material  is  forced  out  of  some 
of  our  structures  by  refinements  in  calculations,  leaves  them  often  with- 
out that  mere  mass  of  material  which  we  now,  more  than  ever,  realize 
is  necessary  to  the  staying  qualities  required  to  resist  impact,  con- 
tinuous pounding,  alternation  of  stresses  and  numbers  of  incidentals 
to  actual  use  which  are  difficult  to  estimate  accurately. 
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I  tliink  it  unwise  to  use  metal  less  tlian  three-eighths  inch  thick 
anywhere,  on  account  of  oxidation  for  one  thing;  our  paints  and  paint- 
ing are  not  improving  as  time  goes  on,  and  decay  from  corrosion  is  cer- 
tain. When  it  comes  to  iTsing  five-sixteenths  or  one-fourth  inch  web 
and  cover  plates  for  girders,  I  believe  the  characterization  "tin  struc- 
ture "  is  not  too  strong;  thin  cover  plates  are  frequently  distorted  by 
oxidation  alone.  I  think  cover  plates  should  be  avoided  wherever  jdos- 
sible,  and  limited  to  one  or  two  thicknesses  of  considerable  dimensions 
wherever  practicable;  their  action  with  the  flange  angles  or  channels  is 
uncertain,  largely  from  differences  in  elongation  under  stress  due  to 
manufacture,  and  they  are  by  no  means  the  protection  against  corrosion 
often  supposed. 

We,  of  course,  know  really  very  little  of  the  actual  beha-\dor  of  web 
plates  in  practice,  the  most  of  the  rules  we  have  been  using  depend 
largely  on  Gordon's  formula  for  columns  and  give  results  largely  in  excess 
of  what  we  know  to  be  required.  It  is  unfortunate  that  extended  and 
skillful  exjDeriments  on  full  sized  pieces  cannot  be  made.  Some  girders 
of  good  size  were  recently  broken  abroad  to  determine  relative  values 
of  different  materials,  and  no  special  attention  seems  to  have  been  made 
of  the  action  of  the  webs  under  stress.  The  translator  says  of  one  of 
the  steel  girders,  "  the  web  was  bent  out  of  its  vertical  plane,"  but  how 
did  it  bend,  did  it  buckle,  and  how  much  ?  In  all  probability  it  bent 
sideways  with  the  failure  of  the  girder,  when  the  web  came  to  sustain 
all  the  stresses  in  the  girder.  We  do  know  that  web  plates  will  endure 
greater  stresses  than  we  have  heretofore  supj)Osed.  Mr.  Cooper  has 
recently  sanctioned  some  quite  bold  practice  in  omitting  stiffeners 
altogether  from  plate  girders  up  to  4^  feet  deep,  and  Mr.  Thatcher  in 
the  *'  Buffalo  Trace"  viaduct  used  girders  60  feet  long  and  5  feet  deep 
without  stiffeners,  the  web  plates  being  one-half  inch  thick.  The 
coiinter  stresses  of  tension  and  compression,  at  right  angles  to  each  other 
in  the  web,  operate  more  forcibly  than  we  have  supposed  to  keep  the 
plate  in  vertical  plane.  The  common  allowance  of  4  000  pounds  per 
square  inch  for  shear,  and  indeed  all  our  allowances  for  shear,  seem 
quite  conservative  as  compared  with  allowances  for  other  stresses. 

The  common  rules  for  the  use  of  stiffeners  seem  chaotic  indeed  ;  it 
is  quite  clear  that  they  should  be  less  than  the  dejith  of  the  girders 
apart  at  the  ends  of  girders,  otherwise  the  web,  virtually  unstiffened, 
sustains  practically  all  the  shear  for  a  length  equal  to  the  depth  of  the 
girder  at  these  points,  and  if  it  ^ill  do  it  for  this  length  it  will  do  it  for 
a  greater  length;  a  reasoning  which  logically  continued  omits  them  alto- 
gether. If  stiffeners  are  used  I  think  they  should  be  treated  as  jiosts 
and  the  web  be  considered  as  a  tension  diagonal  only.  In  plate  girder 
design  we  confuse  the  condition  in  which  the  flange  needs  the  stiffeners, 
as  in  supporting  a  continuous  wall  of  masonry  with  that  of  the  railroad 
bridge  where  the  tie  is  supported  on  an  edge  equal  to  the  thickness  of 
the  web  and  the  vertical  legs  of  the  flange  angles. 


I 
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An  extravagant  use  of  stififeners  has  been  introduced  by  some  of  the 
iron  manufacturers  ;  starting  at  the  ends  of  girders  with  backs  of  angles 
facing  from  the^ends,  when  the  middle  is  reached  instead  of  omitting  them 
entirely  as  theory  would  dictate  they  double  the  stiffeners  at  this  jjoint, 
bringing  the  angles  back  to  back  and  riveting  them  together,  a  keen 
sense  of  symmetry  not  permitting  an  otherwise  possible  saving  of  ma- 
terial. 

I  can  see  no  good  reason  why  we  should  hesitate  in  these  days  of 
perfect  plates  to  increase  the  thickness  of  web  to  a  reasonable  extent. 
With  flange  angles  one-half  to  three-fourths  inch  thick,  why  not  have 
the  webs  of  the  same  thickness  if  necessary,  when  (considering  labor  and 
material)  we  do  not  thereby  materially  increase  the  cost  of  the  girders? 
The  result  would  be  stiffer  and  more  permanent  girders.  Thin  plates 
are  bound  to  corrode  to  a  dangerous  extent  long  before  the  flange  angles 
are  materially  weakened,  unless  they  also  are  absurdly  thin. 

The  stringer  should  be  riveted  in  between  the  floor  beams,  wherever 
Ijracticable,  thus  holding  the  latter  vertical  and  avoiding  a  twisting  in 
the  floor  beams,  sometimes  induced  when  steps  near  the  bottom  of  the 
floor  beams  are  used  -without  such  riveting.  Provision  for  expansion  can 
be  easily  introduced.  I  am  glad  to  know  that  Mr.  Waddell  has  aban- 
doned views  he  once  held  as  to  placing  stringers  directly  under  the 
rail.  Ties  will  not  last  as  long  under  the  combined  decay  of  spike  holes 
and  support  as  girders  at  the  same  point.  Suitable  lateral  bracing, 
which  I  prefer  to  place  at  intervals  less  than  his  minimum,  and  to 
which  the  floor  system  lends  considerable  aid,  will  jjrevent  departure 
from  a  vertical  plane  in  the  stringers.  The  elasticity  of  timber  should 
be  utilized  by  wider  spacing  of  stringers,  to  lessen  the  effect  of  imjaact 
and  to  avoid  rigidity  of  track. 

The  floor  system  isroposed  seems  a  good  one  for  bridges;  the  bolt- 
ing errs,  if  at  all,  on  the  side  of  safety.  I  wish  the  spacing  of  the 
guard  rail  had  been  given,  as  this  seems  to  be  a  point  on  which  there  is 
considerable  difference  of  opinion.  There  should  be  room  for  the 
wheels  to  run  between  the  steel  rail  and  the  wooden  guard  rail;  and  if 
inside  and  outside  rails  are  both  used,  I  think  they  should  be  spaced  at 
different  distances  from  the  steel  rail,  the  inside  guard  rail  being  nearest 
to  the  steel  rail.  I  hope  these  points  and  the  sizes  of  guard  rails  will 
be  thoroughly  treated  in  this  discussion. 

Henky  B.  Seaman,  M.  Am.  Soc.  C.  E. — At  the  Seabright  Conven- 
tion, 1891,  a  resolution  was  offered,  proposing  the  appointment  of  a 
committee  on  bridge  specifications,  but  it  was  withdrawn  on  account 
of  the  strong  oiJi^osition  manifested.  This  appeared  to  arise  from  a 
misconception  of  the  duties  of  such  a  committee,  and  of  the  purpose 
for  which  it  would  be  appointed.  The  work  proposed  was  not  merely 
that  of  formulating  a  si^ecification,  and  making  our  Transactions 
"books  of   ready  reference,"   but   rather  that   of  investigation,    and 
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accomplishing  for  this  branch  of  the  profession,  what  had  ah-eady  been 
done  abroad  by  organizations  similar  to  our  own.  In  outlining  the 
present  paper,  its  author  was,  no  doubt,  insjaired  by  the  same  motives 
of  progress ;  and  while  we  contribute  what  we  may  toward  the  general 
discussion,  we  can  but  remember  that  any  success  here  attained  is  but 
an  indication  of  the  more  comi^lete  results  to  be  attained  by  an  author- 
ized committee.  The  i^reliminary  report  of  such  a  committee  would 
take  the  subject  up  where  the  present  pajier  must  lay  it  down.  The 
final  report  would  be  of  incalculable  value  to  the  entire  profession. 

The  subject  of  engine  concentrations,  as  mentioned  in  the  paper, 
has  long  been  a  vexatious  one  to  calculators.  The  methods  and  results 
of  exact  calculations  are  attractive  to  those  who  have  time  and  inclina- 
tion to  follow  them  through;  but  to  others,  who  look  upon  this  subject 
from  a  purely  business  standpoint  rather  than  from  a  professional  one,  a 
shorter  method  is  much  to  be  desired.  If  railroads  were  able  to  adopt  a 
fixed  type  of  engine,  and  if  it  were  possible  for  them  to  restrict  them- 
selves to  the  use  of  that  type  for  all  fviture  time,  the  adoption  of  exact 
methods  of  comjiutation,  in  new  construction,  would  be  justified; 
but  when  we  consider  that  all  successful  railroads  are  jjrogressive — 
that  increased  business  requires  increased  weight  of  rolling  stock,  and 
that  each  new  type  of  engine  brings  with  it  a  new  distribution  of  con- 
centrations— the  attempt  to  attain  refined  results  for  any  j^articular 
tyi^e  is  a  misconception  of  judicious  design.  If,  then,  we  can  attain  an 
equivalent  uniform  load,  which  shall  give  approximately  the  desired 
results,  its  adoption    s  to  be  commended. 

The  illusion  of  the  apparent  refinement  of  engine  distribution  for 
new  structures,  may  be  illustrated  by  the  engines  provided  for  in  some 
general  specifications.  In  these,  the  wheel  spacing  is  given  to  inches, 
and  the  concentrations,  in  some  instances,  to  100  pounds.  This  refine- 
ment of  weight  will  not  hold  true  of  diff'erent  engines  of  the  same  type, 
and  is  worse  than  useless,  as  applied  to  various  roads  with  various  types 
of  engines.  When  in  addition  to  this,  the  weights  of  tender  are  given — 
as  often  furnished  by  the  manufacturer — with  water,  but  with  no  coal, 
it  shows  that  such  refinement  is  more  apparent  than  real. 

A  tender,  when  fully  loaded  with  water  and  fuel,  will  have  api)roxi- 
mately  equal  weights  upon  each  axle;  but  if  the  coal  is  neglected,  being 
placed  mostly  over  the  forward  wheels,  these  concentrations  will  differ 
by  several  thousand  pounds.  This  is  the  condition,  however,  under 
which  the  weights  are  often  furnished  from  the  shoj^s,  and  in  several 
instances  they  have  been  introduced,  without  change,  into  bridge  sjaeci- 
fications.  A  tender,  with  water,  designed  for  heavy  consolidation 
engines,  weighs  about  18  000  poimds  on  each  of  the  forward  axles, 
and  about  20  000  pounds  on  each  of  the  rear  axles.  Add  to  this, 
16  000  poixnds  of  coal  Avith  which  these  tenders  may  be  loaded  by 
boarding  ujd  the  sides,  as  is  often  done,  and  Ave  have  23  000  i^ounds  on 
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each  of  the  four  axles.  The  tenders  of  the  jDroposed  tyijical  engines 
wonki  therefore  appear  considerably  too  light,  particnlarly  for  the 
heavier  classes.  The  weights  on  the  pony  wheels  of  the  engines,  on 
the  other  hand,  appear  excessively  heavy,  and  would  probably  not  ex- 
ceed 16  000  pounds  for  the  heaviest  type. 

In  assigning  the  maximnm  concentrations  to  which  bridges  may  be 
subjected  in  the  future,  we  must  consider  the  present  conditions  which 
are  apt  to  govern  them.  The  maximum  concentration  in  iise  to-day  is 
40  000  pounds.  This  has  been  the  case  for  a  number  of  years  on  heavy 
passenger  engines,  and  the  roadbeds  on  several  of  the  most  important 
lines  have  already  been  modified  to  meet  it.  It  also  appears  to  be  the 
heaviest  concentration  in  use  abroad,  and  it  is  not  liable  to  be  much  ex- 
ceeded with  the  jjresent  gauge.  This,  then,  is  the  natural  limit  for  the 
concentrations  of  consolidation  engines,  and  it  would  seem  better  in 
outlining  a  set  of  typical  engines,  to  have  this  assumed  as  a  maximum, 
and  deduce  the  others  by  uniform  decrements  if  desired. 

The  ijracticability  of  outlining  a  set  of  typical  engines,  as  i)roposed, 
and  formulating  tables  of  equivalent  uniform  loads,  varying  with  the 
different  lengths  of  span,  can  only  be  proven  by  exjDerience.  It  is 
doubtful  whether  they  Avill  j^rove  attractive  to  maintaining  engineers, 
for  insertion  in  their  specifications.  These  specifications  are  already 
growing  very  cumbersome,  and  to  insert  tables  would  only  make  them 
appear  more  so.  It  would  probably  be  more  practicable  to  insert  one 
of  these  types,  leaving  the  tables  for  use  if  desired.  The  most  practi- 
cal substitute  for  engine  concentrations,  for  insertion  in  si^ecifications, 
is  the  uniform  load,  with  single  concentration  as  projjosed  by  Mr.  Geo. 
H.  Pegram,  M.  Am.  Soc.  C.  E.,  several  years  ago.  The  reason  that 
this  has  not  already  been  widely  adojited,  is  because  of  the  difficulty 
in  ascertaining  the  equivalent  uniform  load  and  concentration,  to  cor- 
respond to  a  given  type  of  engine. 

The  wheel  spacing  of  the  several  engines,  proposed  by  Mr.  Waddell, 
appears  to  be  well  chosen;  though  the  spacing  between  the  drivers  is 
usually  6  inches  less  than  here  shown.  In  advocating  the  adoption  of 
equivalent  uniform,  loads  for  bridge  construction,  it  is  not  necessary, 
nor  is  it  advisable,  to  abandon  the  system  of  engine  concentrations  in 
maintenance.  Having  a  generally  well  proportioned  bridge  to  main- 
tain, it  is  the  province  of  the  engineer  to  ascertain  as  nearly  as  possible 
the  actual  strains  to  which  it  is  subjected  by  the  engines  in  use;  and 
althoiigh  our  ignorance  of  the  effect  of  impact  prevents  an  exact  knowl- 
edge of  the  results,  it  is  always  well  to  define  the  unknown  factors  as 
closely  as  possible,  in  order  that  experiment  may  gradually  reduce 
these  to  a  minimum. 

The  assumption  that  "in  the  near  future,  the  m'aterial  for  the  metal 
portions  of  railway  bridges  "nill  be  exclusively  steel,"  seems  to  me  a 
little  jjremature.     The  objections  to  its  use  have  not  yet  been  removed; 
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and  although  the  development  of  its  manufacture  has  enabled  its  pro- 
duction with  as  much  uniformity  and  economy  as  that  of  wrought  iron, 
it  still  has  the  same  objectionable  structure.  The  objection  to  the  use  of 
steel  in  railway  bridges  is,  that  it  resembles  a  refined,  ductile,  homo- 
geneous cast  iron,  rather  than  a  fibrous  wrought  ii'on;  and  although 
recent  practice  has  gradually  reduced  the  carbon  until  its  composition 
approaches  more  nearly  that  of  wrought  iron,  it  has  never  yet  been 
given  a  fibrous  structure.  It  is  to  this  fact  that  the  present  objection 
to  its  use  is  due. 

Steel  is  objectionable  because  the  least  scratch,  so  fine  as  to  be  im- 
perceptible to  the  closest  inspection,  may  in  time,  under  vibratory 
strains,  lead  to  the  destruction  of  the  member.  No  inspection  can  be 
close  enough  to  avoid  this  danger,  and  the  reduction  of  the  hardening 
elements  does  not  eliminate  it.  This  characteristic  is  due  to  its 
homogeneous  structure  rather  than  to  its  chemical  composition. 

Tests  of  steel  under  constant  strain  are  of  no  value  whatever  as  a 
criterion  for  its  use  in  railway  bridges.  The  development  of  a  scratch 
under  a  single  application  of  load  would  not  be  noticed.  The  chief 
care  in  the  maintenance  of  iron  bridges,  and  the  one  to  which  the 
closest  inspection  is  directed,  is  the  detection  of  flaws  in  details.  A 
member  rarely  fails  because  of  overstrained  material.  There  are  mem- 
bers in  bridges  which  have  been  in  use  for  years,  with  strains  far  ex- 
ceeding those  usually  allowed,  and  which  are  safe  ;  but  there  are  de- 
tails which,  to  all  outward  appearance,  have  been  perfectly  sountl,  but 
have  suddenly  developed  flaws  which,  had  they  not  been  detected  be- 
fore the  passage  of  a  train,  would  have  resulted  in  a  bridge  failure.  It 
is  for  this  reason  that  engineers  hesitate  to  adopt  a  material  the  char- 
acter of  which  favors  the  develojiment  of  such  flaws. 

The  general  use  of  steel  would  seem  objectionable  for  the  reasons 
mentioned,  but  to  cite  the  drifting  test  as  an  authority  for  its  iise  with- 
out reaming,  would  seem  worse  than  to  depend  upon  the  single  appli- 
cation of  a  load  to  show  the  development  of  slight  flaws.  "  The  stand- 
ard drifting  test "  is  of  value  only  in  discovering  hard  spots  in  the 
immediate  vicinity  of  the  hole,  but  cannot  detect  cracks  or  scratches 
caused  by  punching,  the  presence  of  which  render  reaming  necessary. 
Enlarging  the  holes  by  drifting,  forces  the  metal  back  upon  itself,  and 
tends  to  close  rather  than  to  open  these  defects.  It  may  indicate  soft 
material,  as  would  also  a  tension  test,  but  as  a  demonstration  that  soft 
steel  does  not  require  reaming,  the  drifting  test  is  a  delusion. 

The  use  of  steel  rails  is  sometimes  cited  as  an  argument  for  the 
adoption  of  this  material  in  railroad  bridges.  When  bridges  receive 
the  same  incessant  inspection  in  all  their  details,  or  when  bridge  mem- 
bers can  be  replaced  as  quickly  and  with  as  little  expense  as  can  a 
broken  rail  or  splice  bar,  and  when  the  failure  of  a  bridge  is  attended 
with  nothing  more  serious  than  a  derailment — then  may  the  general 
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use  of  steel  be  advocated  for  railway  bridges;  but  until  this  is  true  it 
is  well  to  proceed  with  caution. 

That  the  specification  of  150  pounds  i^er  linear  foot  of  chord  for 
wind  pressure,  iri-espective  of  the  length  of  span  or  surface  exposed, 
shoiild  prove  unsatisfactory,  is  not  surjirising.  The  sijecification  is  not 
scientific,  and  like  all  empirical  clauses  is  applicable  only  between 
limits.  It  should  never  be  used  in  a  general  specification.  The  early 
specifications,  provided  for  a  wind  pressure  of  30  pounds  per  square 
foot  for  truss  bridges,  and  50  pounds  per  square  foot  for  unloaded 
trestles.  More  recently  the  latter  jjressure  has  also  been  applied  to 
lanloaded  truss  sj^ans.  It  should  not  be  expected  that  a  review  of  older 
bridges  would  show  them  jJi'oportioned  for  the  heavier  pressure.  The 
fact  that  the  exjjosed  surfaces  of  truss  bridges  of  moderate  sjjan 
ajjproximate  to  10  square  feet  per  linear  foot  of  bridge,  renders  the  em- 
piiical  wind  si^ecification  convenient  of  application,  but  it  should  not 
be  mistaken  for  a  general  clause. 

The  adoption  of  the  right  line  formula  for  compression  members, 
instead  of  the  Gordon  formula,  as  modified  by  Eankine,  has  become 
quite  an  engineering  fad.  It  is  no  more  accurate,  and  with  the  use  of 
tables,  now  universally  adojjted,  is  no  easier  of  application ;  but  the 
profession  has  apparently  become  restless  for  want  of  a  better  formula, 
and,  for  a  change,  adopts  an  empirical  one.  The  chief  labor  in  pro- 
portioning columns,  is  in  the  calculation  of  the  moments  of  inertia, 
(imless  these,  too,  are  tabulated),  and  from  this  r'-  as  used  by  Eankine 
is  more  directly  deduced,  than  is  the  value  of  r  used  in  the  right  line 
formiila ;  and  while  the  latter  formula  is  purely  empirical,  that  of 
Rankine  is  of  thoroughly  rational  origin.  The  plea  that  the  constants 
of  the  Eankine  formula  are  liable  to  be  varied,  and  thus  render  the  use 
of  tables  difficult,  hardly  justifies  the  adoption  of  a  formula  wherein 
even  a  greater  variety  of  constants  had  been  used. 

The  Eankine  formulas,  which  are  most  recent,  and  now  in  very  gen- 
eral use,  are  : 

Fixed  ends P  =: 


1+        l' 
36  000  r2 


One  end  fixed P  = 


1+     r- 


24  000  r2 
Hinged  ends P  = 


18  000  r 


and  for  those  who  have  no  tables  of  their  own,  very  convenient  ones 
can  be  found  on  page  147  of  "  Carnegie's  Pocket  Book,"  edition  of  1889, 
or  later. 
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It  is  noticed  that  Mr.  Waddell  suggests  the  use  of  the  Launhardt 
formula  for  truss  members,  but  for  girder  spans  and  for  details,  pro- 
poses constant  allowable  strains.  If  the  Launhardt  formula — and  the 
l^rinciple  of  the  fatigue  of  metals  on  which  it  is  based — ^is  true  of 
truss  members,  it  is  even  more  true  of  the  floor  system  and  of  details, 
and  its  omission  in  the  one  case  would  jiistify  its  omission  altogether. 
The  chief  objection  to  the  Launhardt  formiila  is  the  amount  of  extra 
labor  involved  in  its  ajjialication,  and  it  is  probably  for  this  reason  that 
the  proposition  is  made  to  restrict  its  use  to  the  general  parts  of  the 
structure.  Another  objection  is,  that  it  implies  a  definite  knowledge  of 
fatigue  which  we  do  not  possess.  In  spite  of  these  objections,  how- 
ever, the  adoption  of  this  formula  was  a  marked  improvement  in  the 
scientific  practice  of  bridge  construction,  and  it  has  caused  modifica- 
tions in  most  of  the  earlier  methods  of  i^roi^ortioning.  It  will  probably 
remain  in  use  until  some  equally  rational,  though  less  laborious 
method  is  devised.  An  examination  of  Wohler's  experiments  indicates 
that  it  is  quite  as  consistent  with  their  results  to  consider  the  effect  of 
live  load  as  about  twice  as  injurious,  under  continuously  rej)eated 
strains,  as  that  of  dead  load.  Under  these  circumstances  the  dimen- 
sioning would  be  much  simplified  by  the  use  of  different  unit  strains 
for  live  and  for  dead  loads,  with  projjer  provision  for  impact.  To  this 
end,  Mr.  C.  C.  Schneider,  M.  Am.  Soc.  O.  E.,  has  already  framed  a 
specification,  in  which  he  provides  for  the  fatigue  under  live  load 
strains  by  a  constant  in  his  formula  for  impact.  In  this  respect  his 
si^ecification  is  probably  the  most  advanced  of  any  yet  in  general  use. 

J.  C.  Bland,  M.  Am.  Soc.  C.  E.— I  heartily  agree  with  Mr.  Waddell 
as  to  the  desirability  of  rejalacingthe  wheel  load  concentrations  now  so 
universally  used  in  bridge  specifications  by  another  method.  One,  in 
my  judgment,  equally  correct  in  results,  is  the  use  of  a  uniform  load 
per  linear  foot  of  track,  plus  a  concentrated  weight.  Such  a  method  is, 
I  think,  easier  of  application  than  an  equivalent  uniformly  distributed 
load  as  recommended  by  Mr.  Waddell.  The  method  I  name  is  by  no 
means  new,  for  as  long  ago  as  1875  I  calculated  a  number  of  spans  to 
the  following  specifications.  "  The  strains  on  the  trusses  will  be  com- 
puted for  the  following  loads.  There  will  be  assumed  a  moving  load 
of  3  200  pounds  per  foot  of  track,  on  spans  from  50  to  100  feet;  3  000 
pounds  on  spans  from  100  to  150  feet,  and  2  800  jiounds  on  spans  from 
150  to  200  feet.  In  addition  to  the  weight  of  the  trusses,  floor  and 
track,  and  to  the  strains  thus  deduced,  must  be  added  the  effect  due  to 
a  concentrated  weight  of  30  000  i^ouuds  on  each  track,  moved  across  the 
bridge.  The  strains  upon  the  entire  floor  system  will  be  computed  for 
a  moving  load  of  6  000  pounds  per  foot  of  track."  Also,  Mr.  George 
H.  Pegram,  M,  Am.  Soc.  C.  E.,  in  the  Transactions  for  June,  1886, 
called  attention  to  such  a  method,  and  in  his  paj^er  gave  some  interest- 
ing comparisons  covering  spans  as  high  as  400  feet. 
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To  verify  Mr.  Wacldell's  Table  of  Eciuivalent  Uniformly  Distributed 
Liive  Loads,  given  on  page  8  of  his  i)aper,  I  submit  herewith  Table 
No.  1,  which  I  computed  in  February,  1884,  and  which  is  for  a  consol- 
idation engine  and  tender  weighing  88  tons  in  54  feet.  The  loading 
and  spacing  for  this  engine  are  given  on  Plate  XXII.  This  is  very  nearly 
like  Mr.  Cooper's  Class  A  engine,  shown  on  page  6  of  Mr.  Waddell's 
paper. 

TABLE  No.  1. 
Table  of  Actual   Maxima  Mojients,  End  Shears   and   Cross-girder 

Loads  for  88-Ton  Consolidation  Engine,  and  uniformly  distributed 

loads  equivalent  thereto. 
Eighty-eight-Ton  Consolidation  Engine  and  Tender,  54  feet  long,  out 

to  out. 


Span 
in 
feet. 


1. 

2. 

3. 

4. 

5, 

6. 

7, 

8. 

9, 
10, 
11, 
12, 
13 
14, 
15 
16, 
17, 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


Max.  Moments. 


Actual  Max. 
Moment. 
Foot-tons. 


Equivalent 
load  per 
linear  foot 
of  track. 
Pounds 


48  000 

24  000 

16  000 

12  000 

9  600 

8  000 

6  857 

6  199 

6  OUO 

5  766 

5  950 

6  OUO 
5  964 
5  877 
5  760 
5  625 
5  512 
5  500 
5  460 
5  400 
5  330 
5  248 
5  162 
5  070 
4  977 
4  884 
4  828 
4  776 
4  716 
4  658 
4  592 
4  532 
4  466 
4  400 
4  356 
4  272 
4  238 
4  172 
4  130 
4  085 


End  Sheabs. 


Actual  End 
Shear. 
Tons. 


Cbobs-gibdeb  loads. 


Equivalent     ^  ,^^j  ^ 
load     per         ,„„  ,     „ 

Pounds.  ^°^^- 


12.0  1 

48  000 

12.0 

24  000 

12.0 

16  000 

12.0 

o 

12  000 

13.21 

!_; 

10  560 

15.0 

-  a> 

10  000 

16.3 

9  308 

17.3 

rl 

8  650 

18.01 

8  000 

19.8 

tJ 

7  920 

21.3 

7  734 

22.5 

CO 

7  500 

23. 5J 

O 

7  242 

24.9 

7  104 

26.4 

7  040 

27.7 

> 

6  939 

28.9 

6  810 

30.0 

6  667 

30.9 

o 

6  516 

31.8 

6  360 

32.6 

6  204 

33.51 

6  084 

34.4 

5  990 

35.3 

> 

5  888 

30. 2 

6  786 

36.9 

5  680 

37.6 

o 

5  574 

38.3 

5  470 

38.9 

5  366 

39.7 

M 

5  298 

40.5 

>• 

5  228 

41.2 

r° 

5  156 

41.9 

5 

5  084 

42.6 

^ 

5  010 

43.4 

4  963 

44.2 

4  913 

45.0 

> 

4  862 

45.7 

4  809 

46.4 

4  755 

47. 2J 

4  720 

12.01^ 
12.0  I" 

j.ofs 
j.oj  o 


12. ( 
12. 

14.4  I  a 

20.6  f  S 
22. 5J  o 
24.01^- 
26.4  !  I-I 
28. 
30. 
31.7; 
33.4 
34.9  i 
36  2 
37.4 
38.4  1  o 
39. 4J 

40.8  1  U-- 
42.3  I  « 
43.6  J-"^ 

44.9  I 
46.*J  J  o 
47.41 

.9  : 
50. 
51. 


.41!-. 
.4f  g 

•0J5 
"1 

r  o 


.  J  .    a;  I, 


Equivalent 

load     per 

linear  foot 

of     track. 

Pounds. 

24  000 

12  OUO 

8  000 

6  000 

5  777 

6  000 

5  877 

5  6'J5 

5  333 

5  280 

5  156 

5  000 

4  875 

4  776 

4  659 

4  530 

4  412 

4  271 

4  144 

4  080 

4  027 

3  967 

3  902 

3  833 

3  789 

3  763 

3  731 

3  694 

234 


DISCUSSION   ON"   RAILWAY    BRIDGE   DESIGNING. 


In  Table  No.  2  I  also  give  similar  data  for  a  heavy  passenger  engine, 
to  sticli  span  lengths,  beyond  which  the  results  would  be  less  than 
those  given  for  the  88-ton  consolidation  engine  in  Table  No.  1. 

TABLE  No.  2. 
Table  of  Acttjal  Maximum  Moments,  End   Shears   and   Cross-girder 
Loads   for  100-ton   Fast   Passenger   Engine,  and    uniformly  dis- 
tributed loads  equivalent  thereto. 
One  hundred-ton  Fast  Passenger   Engine   and   Tender,  54  feet  long, 
out  to  out. 


Max.  Moments. 

End  Shears. 

Cboss-girder  Loads. 

Span 

in 
Feet. 

Actual  Max. 
Moments. 
Foot-tons. 

E  q  u  i  val  e  n  t 
load    per 
linear     foot 
of        track. 
Pounds. 

Actual       End 
sihears. 
Tons. 

Equi  valent 
load    p  e  r 
linear     foot 
of    track. 
Pounds. 

Actual      Max. 
Load      on 
Cross -gird- 
ers. 

Equivalent- 
load    per 
linear    foot 
of    track. 
Pounds. 

1 
2 
3 
4 
5 
6 
7 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 

1 

80  000 

40  000 

26  667 

20  000 

16  000 

13  333 

11430 

10  000 

8  888 

8  0U0 

7  272 

6  666 

6  154 

20.01 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

22.2 

24.0 

25.5 

26.7 

27.7 

28.6 

29.3 

30.0 

31.2 

32.2 

33.1 

34.0 

34.8 

Q 

O 

80  000 

40  000 

26  667 

20  000 

16  000 

13  333 

11  430 

10  000 

9  876 

9  600 

9  258 

8  890 

8  520 

8  163 

7  822 

7  500 

7  336 

7  160 

6  972 

6  800 

6  620 

20.0) 
20.0    „• 
20.0  ,  o 
20.0  '"S§ 
20.0    U 
20. oJ 

40  000 
20  000 
13  333 
10  000 
8  000 
6  667 

8 
9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

This  heavy  passenger  engine  weighs,  with  its  tender,  100  ton's  in  54 
feet,  as  follows: 

Two  pairs  of  truck  wheels  at  10  tons =    20  tons. 

Two  pairs  of  drivers  at  20  tons =    40     " 

Four  pairs  of  tender  wheels  at  10  tons =    40     " 

Total  engine  and  tender =  100     ' ' 

The  spacing  of  the  wheel  loads  is : 

Pilot  to  first  pair  of  truck  wheels =    5 '  0 " 

Truck  wheel  base =    7'  6" 

Rear  truck  wheel  to  leading  driver =    8'  0 " 

Driving  wheel  base =    8'  0 " 

Rear  driver  to  first  pair  of  tender  wheels =    8'  0 " 

Tender  wheel  base.    3  at  5'  0 " =  15'  0" 

Rear  tender  wheel  to  end =    2'  6" 

Total  length  of  engine  and  tender =  54'  0' 
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Combining  Tables  Nos.  1  and  2,  in  Table  No.  3  is  given  the  maximnm 
beniling  moments  for  spans  up  to  40  feet,  due  either  to  a  100-ton  pas- 
senger engine  or  88-ton  consolidation  engine,  whichever  is  the  greater. 

TABLE   No.  3. 

Table  of  Maxima  Bekding  Moments,  due  to  88-ton  Consolidation  or 
100-ton  Passenger  Engine,  whichever  the  greater,  and  equivalent 
uniformly  distributed  load  per  linear  foot,  corresponding  to  2  800 
pounds  per  foot  -j-  28  000  pounds. 


Equivalent 

Equi  val  ent 

uniformly- 

Distance  from 

Actual    Maxi- 

uniformly 

distributed 

Span 

Case 
Number. 

center       of 

mum      Mo- 

distributed 

load     corre- 

m 

Critical  Load. 

span  to  the 

ments     per 

load     per 

sponding  to 

leet. 

critical  load. 

track. 

linear     foot 

2  800  pounds 

Feet. 

Foot-tons. 

of     track. 
Pounds. 

per         foot, 
+         28  000 
pounds. 

1 

H.  P.  I. 

r,  or  P^ 

0 

5.0 

80  000 

58  800 

2 

" 

0 

10.0 

40  000 

30  800 

3 

•• 

0 

15.0 

26  667 

21467 

1 

<< 

0 

20.0 

20  000 

16  800 

0 

" 

0 

25.0 

16  000 

14  000 

C 

0 

30.0 

13  333 

12  133 

7.    . . . 

•' 

0 

35.0 

11430 

10  800 

8 

" 

0 

411.0 

10  000 

9  800 

9 

0 

45.0 

8  888 

9  022 

10 

0 

50.0 

8  000 

8  400 

11 

0 

55.0 

7  272 

7  891 

12 

•< 

0 

60.0 

6  666 

7  467 

13 

0 

65.0 

6  1.54 

7  107 

14 

Cons.  III. 

0 

72-.  0 

5  877 

6  800 

15 

" 

0 

81.0 

5  760 

6  533 

16 

" 

0 

90.0 

5  625 

6  300 

17 

Cons.   IV. 

Pz 

1.125  left. 

99. G 

5  512 

6  094 

18 

" 

" 

111.4 

5  500 

5  911 

19 

<i 

<< 

123.2 

5  460 

5  747 

20 

■< 

<■ 

135.0 

5  400 

5  60O 

21 

<< 

146.9 

5  330 

5  466 

22 

■  • 

<■ 

158.8 

5  248 

5  345 

23 

•• 

<• 

170.6 

5  160 

5  235 

2-t 

<« 

•I 

182.5 

5  070 

5  133 

25 

•« 

" 

194.4 

4  977 

5  040 

26 

<■ 

" 

206.3 

4  884 

4  954 

27 

Cons.  V. 

0.071  left. 

220.0 

4  828 

4  874 

28 

" 

" 

234.0 

4  776 

4  80O 

29 

•• 

248.0 

4  716 

4  731 

30 

<< 

" 

262. 0 

4  658 

4  667 

31 

<< 

>• 

276.0 

4  592 

4  606 

32 

'< 

•' 

290.0 

4  532 

4  550 

33 

•< 

•' 

304.0 

4  466 

4  497 

34 

•■ 

<• 

318.0 

4  400 

4  447 

35 

•• 

•< 

332.0 

4  356 

4  400 

36;.... 

" 

" 

346.0 

4  272 

4  355 

37 

Cons.  VI. 

1.25  left. 

362.7 

4  238 

4  313 

38 

•< 

■• 

376.6 

4  170 

4  274 

39 

•< 

<< 

392.6 

4  130 

4  236 

40 

408.5 

4  085 

4  200 

On  Plate  XXII  is  represented  the  variation  in  the  maxima  effects  due 


236  DISCUSSION   ON    RAILWAY   BRIDGE    DESIGNING. 

to  the  88-ton  consolidation  engine,  and  likewise  is  shown  how  the  re- 
sults of  using  a  loading  of  2  800  pounds  per  linear  foot,  plus  a  concen- 
trated weight  of  28  000  pounds,  compare  with  those  from  the  actual  engine. 
Mr.  George  P.  Bland,  M.  Am.  Soc.  C.  E.,  to  whom  I  showed  the  fore- 
going tables  in  the  spring  of  1885,  suggested  the  use  of  a  uniform  load 
in  connection  with  a  concentrated  weight,  to  be  practically  equivalent 
in  all  respects  to  the  maxima  effects  got  by  considering  the  wheel  loading. 
He  plotted  the  results  from  the  tables  on  a  diagram,  and  decided  (I 
think)  on  3  000  pounds  per  linear  foot,  plus  24000  pounds,  as  well  fitting 
the  actual  curves.  I  have  frequently  tested  this  suggested  loading  by 
comparison  with  the  results  from  wheel  concentrations,  and  in  a  wide 
range  of  spans  have  always  found  it  gave  exceedingly  close  approxima- 
tions. 

I  may  add  that  the  Tables  Nos.  1,  2  and  3  were  computed  from  the 
expression — 


2.  P 


where  Mq  =  max.  bending  moment. 

2.P  =^  sum  of  loads  on  the  span  /. 

2K  Pd  =  summation  of  the  moments  of  the  loads  on  the  span 
around  the  critical  load  as  origin,  regard  being  had 
to  sign. 

'S.  Pd  =  summation  of  the  moments  of  the  loads  on  the  span 
around  the  critical  load  as  origin,  no  regard  being 
had  to  sign. 
d  =  spacing  of  the  wheel  loads. 

The  critical  load  is  the  one  under  which  the  maximum  bending  mo- 
ment occurs.  Tor  a  further  explanation  of  the  above  expression,  see 
my  paper,  "A  Method  of  Computing  the  Absolute  Maximum  Bending 
Moment  on  Stringers,  etc.,"  published  in  The  Engineering  News  iox 
February  2d,  1884. 

In  Table  No.  4  is  given  the  maxima  bending  moments  due  to  two 
Pennsylvania  Eailroad  consolidation  engines  shown  in  its  specification 
of  1887,  and  for  comparison  also  is  given  the  maxima  center  moments 
from  the  loadings  of  3  000  pounds  per  linear  foot  plus  30  000  pounds, 
and  from  3  200  pounds  per  linear  foot  plus  32  000  pounds.  On  Plate 
XXIII  there  are  plotted  these  results;  also  the  maxima  moments  from 
the  Pennsylvania  Railroad  passenger  engine  of  specification  of  1887. 
An  examination  of  the  following  table  and  diagram  will  show  the 
degree  of  approximation  which  is  given  by  the  two  assumed  loadings. 
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TABLE  No.  4. 

T.\BLE  OF  Actual  Maxima  Moments  due  to  two  typical  Consolidation 
Engines — Pennsylvania  Kailroad  Specifications  of  1887.  Also  the 
Maxima  Center  Moments  from  3  000  pounds  per  linear  foot  -j- 
30  000  pounds,  and  from  3  200  pounds  per  linear  foot  +  32  000 
pounds. 


Max.  Center 

Max.  Center 

Distance 

Actual  Max- 
i  m  a    Mo- 
ments     in 
foot-tons 
per  track. 

Moments 

Moments 

from     cen- 

due to  3  000 

due  to  3  200 

Case 

Critical 

ter  of  span 

pounds  per 

pounds  per 

Feet. 

Number. 

Load. 

to  the  criti- 
cal load. 
Feet. 

linear    foot 
4-    30  000 
pounds. 

linear  toot 
+     32  000 
pounds. 

Foot-tons. 

Foot-tons. 

1 

I. 

Any  driver. 

0 

3.75 

3.94 

4.2 

2 

•• 

'« 

0 

7.50 

8.25 

8.8 

3 

" 

•• 

0 

11.25 

12.94 

13.8 

4 

'< 

•• 

0 

15.00 

18.00 

19.2 

5 

<< 

■< 

0 

18.75 

23.44 

25.0 

6 

<< 

<• 

0 

22.50 

29.25 

31.2 

7 

" 

«' 

0 

26.25 

35.44 

37.8 

8 

11. 

P3 

1.125  left. 

31.00 

42.00 

44.8 

9 

'• 

•  < 

37.97 

48.94 

52.2 

10 

" 

" 

<< 

45.05 

56.25 

60.0 

11 

III. 

" 

0 

56.25 

63.94 

68.2 

12 

<• 

•  • 

0 

67.50 

72.00 

76.8 

13 

<• 

<• 

0 

78.50 

80.54 

85.8 

U 

<• 

«« 

0 

90.00 

89.25 

95.2 

15 

<< 

«< 

0 

101.25 

98.44 

105.0 

16 

" 

•< 

0 

112.50 

108.00 

115.2 

17 

IV. 

<■ 

1.125  left. 

124.47 

117.94 

125.8 

18 

" 

«• 

139.22 

128.25 

136. 8 

19 

■• 

•• 

154.00 

138.94 

148.2 

20 

•< 

'< 

168.80 

150.00 

160.0 

21 

" 

•  1 

183.62 

161.44 

172.2 

22 

•< 

«< 

198.45 

173.25 

184.8 

23 

<• 

i« 

213.30 

185.44 

197.8 

24 

•  • 

•< 

228.16 

198.00 

211.2 

25 

«< 

<< 

243.04 

210.94 

225.0 

26 

'« 

<• 

257.92 

224.25 

239.2 

27 

V. 

•• 

0.26 

left. 

274.17 

237.94 

253.8 

28 

<• 

'• 

291.16 

252.00 

268.8 

29 

•• 

<< 

308.16 

267.44 

284.2 

30 

" 

•  ' 

325.16 

281.25 

300.0 

31 

<• 

342.15 

296.44 

316.2 

32 

" 

«< 

359.15 

312.00 

332.8 

33 

<• 

«' 

376.14 

327  94 

349.8 

34 

<• 

•" 

393.14 

344.25 

367.2 

35 

<< 

«< 

410.14 

360.94 

385.0 

36 

" 

" 

427.13 

378.00 

403.2 

37 

.', 

" 

444.13 
461.12 

421.8 

38  ..    . 

413.15 

440.8 

39 

VI. 

■P.  2 

1.31 

left. 

478.12 
496.26 

460.2 

40 

450.00 

4B0.0 

41 

„ 

515.19 
534.11 

500.2 

42 

488.25 

520.8 

43 

VII. 

** 

0.21 

left. 

5.'54.11 
575.10 

541.8 

44 

528.00 

563.2 

45 

,, 

„ 

596.10 
617.10 

585.0 

46 

568.25 

607.2 

47 

" 

„ 

638.10 
659.10 

629.8 

48 

612.00 

652.8 

49 

VIII. 

" 

1.30 

left. 

679.19 
702.12 

676.2 

60 

656.25 

700.0 

51 

" 

„ 

725.06 
748.00 

724.2 

62 

702.00 

748.8 

53 

" 

770.94 

773.8 
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TABLE  No.  I— [Continued). 


Span 

in 
Feet. 

Case 
Number. 

Critical 
Load. 

Distance 
from     cen- 
ter of  span 
to  the  criti- 
cal load. 
Feet. 

Actual  Max- 
ima    Mo- 
ments     in 
foot-  tons 
per  track. 

Max.  Center 
Moments 
due  to  3  000 
pounds  per 
linear    foot 
+    30  000 
pounds. 
Foot-tons. 

Max.  Center 

Moments 
due  to  3  200 
pounds  per 
linear  foot 
+    32  000 
pounds. 
Foot- tons. 

54 

55 

IX. 
X. 

XI. 

XII.  (a) 
XII.  (b) 

xin. 

A. 
P.. 

0.18  left. 
1.31  left. 

0.21  left, 

1.30  left. 

0.95  right. 
0.99  left. 

797.06 

822.06 

847.05 

872.05 

920.94 

946.94 

973.89 

1  000.38 

1  026.89 

1053.41 

1  071.00 

1082.07 

1111.07 

1  140.07 

1  169.06 

1  198.06 

1228.13 

1  259.08 

1  290.04 

1  321.00 

1351.96 

1381.60 

1414.48 

1  448.83 

1  483.18 

1517.52 

1  551.85 

749.25 

799.2 
825.0 

56     ... 
57 

798.00 

851.2 
877.8 

58 

59 

847.25 

904.8 
932.2 

60 

61 

900.0 

960.0 
988.2 

62 

63 

953.25 

1016.8 
1  045.8 

64 

65 

1  008.0 

1  075.2 
1  105.0 

66 

67 

1064.25 

1135.2 
1  165.8 

68 

69 

1  122.0 

1  196.8 
1  228.2 

70 

71 

1  181.25 

1  260.0 
1  292.2 

72 

73 

1  242.0 

1  324.8 
1  3.'i7.8 

74 

75 

1304.25 

1391.2 
1  425.0 

76 

77 

1  368.0 

1459.2 
1  493.8 

78 

79 

1433.25 

1  528.8 
1  564.2 

80 

1  500.0 

1  6U0.0 

TABLE  No.  5. 

Table  of  Actual  Maxima  Moments  due  to  two  ConsoKdation  Engines 
and  Tenders,  each  110  tons,  in  54  feet  of  total  lengtli.  Showing  also 
Maxima  Center  Moments  due  to  3  400  pounds  per  linear  foot  of 
track  -j-  34  000  pounds  concentrated. 


Maxima      Center 

Span 

in 
Feet. 

Distance     from 

Actual     Maxima 

Moments  due  to 

Case  Number. 

Critical 

Center  of  Span 

Moments       in 

3  400  pounds  per 

Load. 

to  the  Critical 

foot-tons     per 

linear     foot     + 

Load. 

track. 

34  000      pounds. 

Feet. 

Foot-tons. 

8 

IL 

P, 

1.125  left 

81.0 

47.6 

14 

IIL 

Pz 

0 

90.0 

100.9 

22 

IV. 

pI 

1.125  left 

198.4 

195.3 

30 

V. 

P, 

0.143  left 

a27.6 

818.7 

88 

VI. 

pI 

1.25 

470.8 

468.4 

46 

VII. 

pI 

0.388  left 

645.1 

645.1 

52 

IX. 

P* 

0.09  right 

792.6 

795.6 

62 

X. 

^13 

0.135  left 

1  085.1 

1  080.3 

70 

XI. 

^3 

1.175  left 

1841.9 

1338.6 

78 

XIII. 

P\l 

0.541  left 

1  649.7 

1624.3 
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In  Table  No.  5  is  given  the  maxima  l)ending  moments  resulj^ng  from 
two  typical  consolidation  engines  somewhat  heavier  than  the  engines 
of  the  Pennsylvania  Railroad  si^ecification  of  1887.  These  engines 
(and  tenders)  each  weigh  110  tons  in  54  feet.  The  spacing  is  as  shown 
on  Plate  XXII,  and  the  loading  as  follows: 

One  jiair  of  i^ony  wheels  at  10  tons =     10  tons. 

Fonr  jjairs  of  drivers  at  15  tons =     60     " 

Fonr  pairs  of  tender  wheels  at  10  tons :=     40     " 

Total  engine  and  tender =  110     " 

The  Table  No.  5  shows  how  closely  the  maxima  center  moments 
from  3  400  pounds  per  linear  foot,  plus  34  000  pounds,  coincide  with  the 
actual  maxima  moments.  An  examination  of  the  tables  and  diagrams 
already  mentioned  will,  I  think,  show  the  validity  of  Mr.  Waddell's 
claims,  and  also  indicate  that  a  uniform  load  per  linear  foot  plus  a 
concentrated  weight  covers  the  case  as  well.  This  latter  is  also  appli- 
cable to  the  computation  of  stresses  in  framed  structures,  giving  a 
slight  excess  above  the  actual  stresses  in  the  counters  and  central 
jjanels  of  web  members,  a  very  excellent  jjlace,  by  the  way,  to  have  a 
surphis  of  metal. 

Taking  the  loading  to  be  p  -f-  Q,  where  p  =.  uniform  load  per  linear 
foot,  §  =  concentrated  weight.  Then  for  girder  spans,  where  p  can 
act  continuously: 

In  flanges. — The  maximum  moment  at  any  point  x  from  the  right 
abutment,  occurs  where  the  span  is  fully  covered  with  p  jier  linear 
foot,  and  Q  acting  at  the  point  x. 

ThusJ4  =  ^  [l-:c)  +  ^  {l-x). 

When  ,r  =  —  ,  that  is,  when  Q  is  at  center  of  sj^an,  the  greatest  maxi- 
mum  movement  occurs,  and  is — 

Web. — The  maximum  shear  at  any  point  x  from  the  right  abutment 
occurs  when  jJ  extends  from  o  to  x,  and  Q  is  at  x. 

When  X  =  I,  the  greatest  maximum  shear  occiirs,  and  is — 

Cross  Girders. — The  maximum  load  on  a  cross  girder  is  given  by 
R=pl+Q. 

For  girders  where  p  acts  discontinuously,  or  for  truss  bridges,  the 

same  principles  hold  good,  using,   however,  the  panel  load  P  =  ~ 

n 

("where  n  is  the  number  of  panels)  in  connection  with  Q,     The  maxi- 


240  DISCUSSION"   ON"   RAILWAY   BRIDGE   DESIGNING. 

mum  at  any  panel  lioint  for  the  chords,  is  when  the  span  is  fully  cov-= 
ered  with  p  at  every  panel  i)oint,  and  Q  at  the  i^anel  i>oint  in  question ; 
and  the  greatest  maximum  moment  occurs  when  Q  is  at  the  center  oi 
the  span.  The  maximum  shear  in  any  panel  x  from  the  right  abut- 
ment, is  when  each  panel  point  to  the  right  of  x  is  loaded  with  p,  and 
there  is  a  load  Q  at  the  first  panel  point  to  right  of  x.  It  will  be  seen 
that  the  loading  p  -{-  Q  conforms  fairly  closely  to  the  results  derived  by 
using  wheel  concentrations,  and  where  there  is  divergence  it  is  due  to 
some  singularity  in  the  wheel  spacing  or  to  i:)eculiar  relation  between 
it  and  the  panel  length;  or,  again,  to  ratio  between  tender  wheel  loads 
and  those  on  drivers,  which  ratio  is  usiially  two-thirds.  The  uniformly 
distributed  load  equivalent  to  the  moment  from  the  engine,  31^  is 

8  3Io 

in  which  the  assumi^tion  is  made  that  the  engine  maximum  is  at  the 
center  of  the  span.  As  a  matter  of  fact,  it  is  not  always  so,  but  still 
it  never  deviates  much  therefrom.  (See  Table  No.  4.)  The  uniformly 
distributed  load  equivalent  to  the  loading  p  +  Q  is — 

p    =  />  + ±-  —  also 


Neither     the     maxima    center    moments     J^ nor  -^ 1 — i-  varv 

8  8^4 

much  from  the  engine  moment  3Iq,  and  any  ordinary  variation  is  incon- 
siderable in  view  of  the  fact  that  the  assumed  static  wheel  loads,  par- 
ticularly the  driver  loads,  are  so  subject  to  local  changes  : — such 
changes  as  those  caused  by  the  centrifugal  action  of  the  driver  coun- 
terweights, varying  according  to  speed  and  to  kind  of  engine,  by  the 
oscillations  due  to  non-balance  of  engine  on  its  springs,  and  by  the 
variations  in  static  load  on  driver's  from  a  rough  track  or  low  joint. 

Calculating  stresses  from  wheel  loadings  tends  to  make  the  com- 
puter feel  more  than  a  warrantable  confidence  in  his  resiilts,  as  being 
the  true  stresses  in  the  several  members.  They  are,  indeed,  true  if  the 
loads  would  remain  static,  which  they  do  not.  If  allowance  for  impact, 
etc. ,  were  on  the  same  basis  of  certainty  as  the  static  stresses  from  wheel 
loading,  there  would  be  no  great  fault  to  find ;  but  methods  for  making 
such  allowances  are  crude  and  seem  insoluble  in  exactness.  Nor  would 
there  be  any  objection  to  the  use  of  Avheel  loading,  desjute  the  time 
wasted  in  preliminary  designs  such  as  Mr.  Waddell  speaks  of,  if  in  the 
end,  in  the  results  attained,  closer  accordance  with  the  real  and  true 
stresses  in  the  structure  were  obtained.  It  seems  to  me,  that  the  alter- 
natives suggested,  so  closely  in  accordance  with  the  wheel  load  results 
when  statically  considered,  are  (their  simplicity  and  ease  of  applica- 
tion being  fully  weighed,)  fitting  substitutes  for  the  method  now  in 
vogue,  and  especially  when  no  two  specifications  are  alike  as  regards 
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their  typical  engines,  the  differences  frequently  being  just  enough  to 
make  them  unlike. 

I  think  the  use  of  a  uniform  load  per  linear  foot,  i^lus  a  concen- 
trated weight,  easier  of  ai^plieation  than  that  of  a  uniformly  distri- 
buted load  equivalent  to  the  engine  maxima  moments.  In  the  former 
the  calculations  are  exceedingly  simple  and  direct ;  in  the  latter,  one  has 
to  have  his  memorandum  book  or  his  diagram  of  moments  always  at 
hand,  so  as  to  get  the  necessary  equivalent  uniformly  distributed  load, 
varying,  as  it  does,  for  every  span  for  even  the  same  engine. 

Regarding  another  point  which  Mr.  Waddell  makes — the  examina- 
tion of  stress  sheets  tendered  railroad  companies  in  competitive 
bidding, — if  the  scheme  oi  p  -{-  Q  be  used,  every  sheet  could  be  tested 
by  the  one  standard  ;  whereas,  now,  "every  man  has  his  doctrine," 
though  there  is  an  absolutely  mathematical,  correct  way  of  getting  the 
static  stresses  due  to  wheel  loading,  which  is  neither  troublesome  nor 
tedious.  I  may  say  on  such  score,  I  have  no  very  great  fault  to  find 
with  the  i^resent  wheel  concentration  requirements.  However,  in  the 
former  method,  the  time  is  shortened  alike  to  the  designer  and  to  the 
railroad  company's  engineer  in  comparing  the  several  designs. 

I  would  welcome  the  adoption  of  a  sj)ecification  in  which,  like  Mr. 
Bouscaren's  specification  of  1887,  the  live  load  requirements  were  simply 
stated  by  giving  the  values  of  p  and  Q,  which  corresponded  broadly  to 
the  rolling  stock  which  governed,  or  would  in  time  govern,  the  bridge- 
work  on  the  Hne.  I  admit  the  great  value  which  I  think  the  wheel 
load  requirements  have  been  to  us.  The  consideration  of  the  actual 
thing  which  crosses  our  bridges  has  turned  attention  to  jiist  what  that 
thing  is,  and  we  have  realized  in  a  way  never  before  attained,  to  what 
local  variations  of  loading  an  engine  is  subject,  and  some  insight  into 
the  causes  of  such  variations;  and  though  no  exact  means  is  at  hand  to 
determine  the  true  dynamic  stresses  resulting  from  these  variations  in 
wheel  loading,  this  very  uncertainty  paves  the  way  for  other  and  quicker 
methods  of  getting  the  static  stresses,  to  which  we  can  (as  we  do  now) 
make  allowances  for  imjjact,  etc. ,  either  by  percentages  to  the  apparent 
(static)  stresses,  or  by  a  diminution  of  the  working  stresses,  and  attain 
resiilts  equally  worthy  of  confidence. 

As  Mr.  Waddell  remarks.  "All  assumed  loads  for  computing 
stresses  in  bridges  are  merely  typical, "  and  it  is  the  provoking  differ- 
ences in  these  wheel  concentrations  for  practically  the  same  class  of 
bridge,  which  makes  it  especially  hard  on  the  engineer  of  a  bridge 
company,  whose  daily  duties  are  so  increased  by  having  to  furnish 
with  his  bid  a  stress  sheet  complete — any  minor  inaccuracies  in  which 
throw  doubt  on  his  company's  integrity  or  capacity  to  undertake  the 
work,  and  makes  it  easier  to  give  the  work  to  the  bridge  company, 
which,  as  the  author  states,  may  have  the  "inside  track." 

Mr.  "Waddell  also  objects  to  the  "added  insult"  of  the  computa- 


242  DISCUSSION"    ON    RAILWAY   BRIDGE   DESIGNING. 

tions  being  required  to  cover  two  diflferent  types  of  engines,  and  in  some 
cases  three.  Such  a  demand  is  necessary  when  wheel  loading  is  used, 
for  the  heavier  concentrations  on  the  drivers  of  an  eight-wheel  engine, 
even  though  farther  ajsart,  affect  small  s^jans.  An  example  of  this  can 
be  seen  by  inspecting  Tables  No.  2  and  3,  where  the  heavy  passenger 
engine  governs  the  flange  stresses  in  sjjans  up  to  13  feet,  the  end  shears 
up  to  20  feet,  and  cross-girder  loads  to  6  feet.  This  last  is  perhaps  in- 
frequent, and  the  increase  in  end  shears  beyond  16  feet  is  inconsider- 
able. It  may  be  remarked,  however,  that  the  Pennsylvania  Railroad 
use  8  feet  panels  in  their  through  j^late  girder  spans.  The  use  of  the 
loading  p  -\-  Q  covers  well  all  these  divergences. 

As  to  "  The  Proi^er  Live  Load  for  Modern  Bridge  Specifications." 
Increase  in  engine  weight  and  car  capacity  has  been  steadily  going  on 
since  Mr.  Coojjer  wrote  his  first  specification,  and  the  limit  is  not  yet. 
Car  capacity  has  steadily  grown  from  the  40  000  pounds  of  a  few  years 
ago  to  the  very  ordinary  60  000  pounds  of  to-day.  Engine  weight, 
which  ten  to  twelve  years  ago  was  for  heavy  consolidation  engines, 
95  700  pounds,  82  700  pounds  of  which  was  on  the  drivers,  has  increased 
to  114  600  pounds,  100  600  laounds  of  which  is  on  the  drivers,  an  increase 
of  21 J  per  cent,  on  drivers,  or  20  per  cent,  increase  in  weight  of  the 
whole  engine. 

Class  C  passenger  engine  of  Pennsylvania  Railroad  weighed  81  800 
pounds;  Class  K,  of  the  same  line,  weighs  96  700  pounds,  and  Class  P 
weighs  100  600  j^ounds;  roughly  an  increase  of  weight  in  the  later  types  of 
20  per  cent.  Excluding  such  peculiar  types  as  the  El  Gubernador  of 
Central  Pacific,  having  121  600'j)ounds  on  ten  drivers,  and  the  Baldwin 
Decapod  of  128  000  pounds,  on  ten  drivers;  and,  later,  the  engines 
working  the  St.  Clair  Tunnel,  Grand  Trunk  Railway,  having  180  000 
pounds  on  ten  drivers,  in  a  space  of  18|  feet,  all  of  which  were  designed 
for  special  work  in  comparatively  limited  localities;  we  are  justified,  I 
think,  in  saying  that  the  increased  requirements  of  railway  traffic  of 
the  past  ten  years  have  demanded  about  25  per  cent,  increase  in  the 
weight  of  the  engines.  In  other  words,  the  driver  loads  in  engines  of 
the  consolidation  type  have  increased  from  20  000  to  25  000  pounds  per 
pair. 

As  regards  the  cars,  while  the  capacity  has  increased  50  j^er  cent., 
the  weight  has  increased  but  about  20  per  cent.,  or  the  total  loading 
but  40  per  cent.  The  present  stock  weighs  loaded  about  2  500 
pounds  per  linear  foot  of  track,  the  length  being  about  34  feet,  and  the 
wheel  base  about  27  feet;  and  allowing  for  overloading,  these  cars  would 
weigh  probably  close  to  2  700  pounds  per  foot  of  track. 

Roughly  speaking,  then,  the  past  ten  years  has  witnessed  an  increase 
in  engine  weight  of  25  per  cent,  and  an  increase  in  car  weight  of  50 
per  cent.,  the  former  affecting  materially  all  floor  systems  and  spans 
say  100  feet  and  under,  and  the  latter  aflecting  all  other  spans  to  at 
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least  25  i^er  cent.,  since  tlie  train  load  on  lines  having  this  kind  of 
traffic  was  formerly  rarely  assumed  less  than  1  gross  ton  per  foot. 
On  some  lines  the  increased  weight  of  train  load  would  cause  no  excess, 
since  even  ten  years  ago  the  rolling  load  was  assumed  at  3  000  pounds 
per  linear  foot. 

Tables  Nos.  6,  7  and  8  give  data  for  rolling  stock  in  actual  use 
at  present  in  Colorado  and  Utah,  and  in  Tables  Nos.  7  and  8  the 
Colorado  engines  are  compared  "v\dth  Pennsylvania  Railroad  engines 
and  with  English  engines  doing  same  class  of  work.  Inspecting 
Table  No.  7,  and  bearing  in  mind  that  Class  R  is,  I  think,  the 
heaviest  consolidation  type  now  in  use  on  that  line,  it  is  seen  that  the 
Denver  and  Rio  Grande  Class  112  is  but  2  100  pounds  lighter,  or 
engine  and  tender  together  5  per  cent,  heavier  than  Class  R  ;  that 
the  Colorado  Midland  Consolidation  engine  has  13  j^er  cent,  more 
weight  on  the  drivers,  the  engine  and  tender  together  being  20  per 
cent,  heavier  than  Class  R  ;  however,  it  carries  33^  per  cent.  moi*e  water 
and  100  per  cent,  more  coal,  operating  as  it  does  on  a  3  per  cent.  line. 

In  Table  No.  8  comjiarison  is  made  of  the  eight-wheel  Class  P  of 
the  Pennsylvania  Railroad  with  the  ten-wheel  engines  in  Colorado 
and  Utah,  these  latter  being  used  for  all  passenger  service  as  well  as 
for  light  freight  trains.  It  will  be  noticed  that  the  Colorado  Midland 
ten-wheeler  has  16  500  pounds  on  each  driver 

TABLE   No.  6. 

Standard  Freight  Stock  in  Actuai,  Use  on  Denver  and  Rio  Grande 

Ratlroad. 


Gondola 
Coal  Gar. 

Hopper 
Bottom 
Coal  Car. 

Low  Flat 
Car  —Con- 
tinuous 
Draw  Bar. 

Box  Car. 

Stock  Car. 

liength  out  to  out  of  bull-nose 

34'  6'       1       30'  6" 
32'  0"                 28'  0' 

34'  81^" 
32'  0' 

9' 2' 

2 

4-wheel 

4'  8" 
27'.3" 
21  000 
60  000 
81000 

2  335 

0.35 

0.26 
1  to  2i», 

34'  6" 
32'0" 

9'3" 
2 
4-wheel 

4'  8" 
27'  3" 
26  000 
60  000 
86  000 

2  495 

0.43 

0.30 
1  to  2,3^ 

34'  6' 
32'  0- 

Max.  width  of  car,  out  to  out. 
Number  of  trucks 

9'  8" 

2 
4-wheel 

4' 8" 
27'  3' 
24  000 
60  000 
84  000 

2  435 

0.40 

0.28 
1  to  2,'^ 

10'  0' 
2 
4-wheel 
4-  8' 
23'  0" 
25  000 
60  000 

85  ono 

2  785 
0.42 

0.29 
lto2A 

9'  3" 
2 

Kind  of  truck 

4-wheel 

Wheel  base  of  truck 

4'  8' 

27'  3- 

26  000 

Capacity  of  oar 

Total  Weight  of  car  aud  load. . 
Weight  per  linear  foot  of  track 

TJntin       weight 

60  000 

86O0O 

2  495 

0.43 

capacity 

0.30 

total  iveiL'ht 
Relative  capacity  to  weight.. . 

1  to  2^% 

Memorandum. — Allowing  for  overloading,  2  700  pounds  per  linear  foot  will  cover  the 
weight  of  train. 
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TABLE  No.  7. 
Freight  Engines  in  Actuaij  Use  in  1891. 


Class  112. 

Engine  con-.^^Z"^'^'"' 
«nh^«tinn     tiou  Engiue, 


Class  R. 


Weight  on  pony  truck. 


Weight  on  eight  drivers 

Total  weight  of  engine 

Weight  of  tender  loaded 

Total  weight  of  engine  and 
tender 

Rigid  wheel  base 

Engine  wheel  base 

Tender  wheel  base 

Total  wheel  base  of  engine  and 
tender 

Total  length  of  engine  and  ten- 
der, out  to  out 

Water  capacity  of  tank 

Coal  capacity  of  tender 

Diameter  of  drivers.. 

Cylinders 


Maximum  grade. 
General  grade. .. 
Maximum  curve. 


solidation, 

Penna. 

Bailroad, 

1886. 


100  600 

114  600 

57  800 

172  400 
13'  10" 
21'  9" 
16'  4" 

48'  9" 

57'  8" 
3  001)  gals. 
8  000  lbs. 

50" 
20"  X  24" 


Denvei   and 

Rio   Grande 

Railroad, 

1888. 


95  800 
112  500 
68  000 

180  500 
13-  6" 
21'  4" 
16'  0" 

48'  4" 

about  58'  6 


45" 
20  '  X  24" 

3^ 

1  and  li% 

12"' 


Colorado 
Midland, 
Consolida- 
tion Engine, 
1888. 


114  000 

126  000 

82  000 

208  000 
14'  6" 
22'  0" 
15'  6' 

48'  0" 

58'  0" 
4  OUO  gals. 
16  800  lbs. 

51" 
20'  X  26" 
generally 
3% 
'SX 
16° 


Class  133^. 
Consolida- 
tion Engine; 
Rio   Grande 
Western 
Railway, 
1891. 


98  300 
115  UOO 
68  0U0 

183  000 
13'  6" 
21'  6' 
15'  10' 

48'  4" 

60'  0  " 
3  200  gals. 
15  680  lbs. 

45" 
20"   X  24" 

3.8%' 

about  10° 


Freight 
Engine, 
Great 
Northern 
Railway, 
England. 


none. 

six. 

90  160 

90  160 

58-800 

148  960 
17'  7" 
17'  7" 
20'  7" 

48'  7" 


19"  X  28" 


TABLE  No.  8. 
Passenger  Engines  in  Actual  Use  in  1891. 


Kind  of  engine 

Number  of  drivers 

Weight  on  trucks 

Weight  on  drivers 

Total  weight  of  engine. . .. 
Weight  of  tender,  loaded. . 
Total  weight    of   engine  and 

tender 

Rigid  wheel  base 

Engine  wheel  base 

Tender  wheel  base 

Total  wheel  base    of   engine 

and  tender 

Total  length    of   engine    and 

tender,  out  to  out 

Water  capacity  of  tank 

Coal  capacity  of  tender 

Diameter  of  drivers 

Cylinders 


Class  P,  Pas- 
8  e  n  g  e  r 
Engine, 
Penna. 
Railroad. 


8- wheel. 

4 

40  850 

65  150 

106  000 

60  000 

16G  000 
7'9" 

22'  iy 

15'  4  " 

47'  8" 

5G'  2" 
3  000  gals. 
12  000  lbs. 

68" 
18J"  X  24" 


Class  106, 
Passe  nger 
and  Freight. 
Denver  and 
Rio  Grande 
Railroad, 
18S8. 


10-wheel. 

6 

26  300 

84  400 

106  700 

68  000 

174  700 
11'  9" 
23'  Oi' 
16'  0" 

47'  3J" 

58'  0" 


54" 
18"  X  24" 


Colorado 
Mi  d  land 
R  a  i  Iway 
Passenger 
E  n  g  i  ne, 
1888. 


10-wheel. 
6 

21  850 
98  950 
120  800 
82  000 

202  800 
12'  0" 
22'  6" 
15'  0  • 

48'  9" 

50'  9" 
4  000  gals. 
16  800  lbs. 
57" 
19"  x26" 


Rio  Grande 
W  e  ^tern 
Rail  way 
Passeuser 
Engine, 
1891. 


10-wheel. 

6 


English 
Express 
Engine. 


6-wheel. 
2 


CD  "^ 


2  B 


34  000 
85  000 


15'  6  " 
12'  0' 


2  400  gals. 


84". 
17'  dia. 
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Bridges  of  diflferent  capacities  will,  of  course,  be  re(|uired,  according- 
to  the  varied  positions  of  the  Hues,  the  kiud  aud  volume  of  the  traffic, 
actual  or  probable  and  the  gradients  aud  alignments,  the  last  two 
governing  the  class  of  locomotives  to  be  used.  Mr.  Cooper's  four 
diagrams  of  consolidation  engine  loading,  seem  to  me  to  cover  broadly 
the  several  classes  of  railways  operating  in  the  United  States.  I  agree, 
however,  with  Mr.  Waddell  in  his  plea  for  moi'e  uniformity  and  greater 
simplicity  in  the  sjiaeing  of  the  loads.  For  consolidation  engines  all 
the  spacing  could,  I  think,  be  multiples  of  5  feet.  I  Avould  exclude 
the  mogul  engine  and  its  2  000-pouud  train  load,  and  assume  the  train 
loads  for  the  heavy  grade,  extra  Class  A,  Class  A  and  Class  B  to  be 
respectively  4  000,  3  400,  2  800  and  2  500  pounds  per  linear  foot. 

Retaining  Mr.  Cooper's  notation,  on  the  system  of  calculation  of 
p  +  Q,  the  scheme  could  be  written  as  follows,  and  which  I  think 
would  give  practically  the  same  class  of  bridge. 

Heavy  Grade p  +  §  =  4  000  pounds  +  40  000  pounds. 

Extra  Class  A p  +  §  =  3  400        "       +  34  000         " 

Class  A p+§  =  2800        "       +28  000 

Class   B p+§  =  2500        "       +25  000 

These  would  corresj^ond  pretty  w'ell  with  the  following  engines: 
First. — Heavy  Grade  Consolidation  Engines  and  4  000-poiind  train. 

On  each  truck  and  tender  axle 20  000  jJounds. 

On  each  driver  axle 40  000       ' ' 

Total  weight  engine  and  tender 260  000       " 

Second. — Extra  Class  A,  Consolidation  Engines  aud  3  400-i3ound 
train. 

On  each  truck  and  tender  axle 20  000  jjounds. 

On  each  driver  axle 30  000        ' ' 

Total  weight  engine  and  tender 220  000 

Third. — Class    A,    Consolidation    Engines  and    2  800-pound  train. 

On  each  truck  and  tender  axle 16  000  pounds. 

On  each  driver  axle 24  000        " 

Total  weight  engine  and  tender 176  000        " 

Fourth. — Class    B,    Consolidation    Engines  and  2  SOO-j^ound  train. 

On  each  truck  and  tender  axle 14  000  jjounds. 

On  each  driver  axle 22  000         " 

Total  weight  engine  and  tender 158  000         " 

All  the  foregoing  engines  to  have  the  following  spacing: 

Pilot  to  truck 5'  0" 

Truck  to  leading  driver 10'  0 " 

Three  driver  spaces  at  5'  0 ' 15'  0 " 

Rear  driver  to  first  tender  wheel 10'  0" 

Three  tender  sjjaces  at  5'  0" 15'  0" 

Rear  tender  wheel  to  end 5'  0" 


Length  of  engine  and  tender  out  to  out  =  60'  0 " 


M6 


DISCUSSION"    ON    RAILWAY    BRIDGE   DESIGNING. 


Table  No.  9  gives  the  typical  consolidation  engines  in  use  on  the 
Denver  and  Rio  Grande  Railroad  as  comi^ared  with  those  of  the  Penn- 
sylvania Railroad's  specification  of  1887. 

TABLE   No.  9. 

TYPiCAii  Freight  Engines  used  in  Bridge  Specifications  on  the  Denver 
and  Rio  Grande  Railroad  and  on  the  Pennsylvania  Railroad. 


Weight  on  pony  trucks 

Weight  on  each  pair  of  drivers 

Weight  on  four  pairs  of  drivers 

Total  weight  of  engines 

Weight  on  each  tender  axle 

Total  weight  of  tender 

Total  wpii.'ht  of  engine  and  tender 

Eigid  wheel  base 

Engine  wheel  base 

Tender  wheel  base 

Total  wheel  base  of  engine  and  tender 

Total  length  of  engine  and  tender,  out  to  out. 


Typical 

solidation  En- 
gine of  Penn- 
s  y  1  V  a  n  i  a 
Railroad.  Spe- 
cifications of 
1887. 


Cnr,   Typical       Con- 
'""°''     solidation  En- 


16  000 
30  000 
1 20  000 

lae  000 

16  000 

t)4  000 

200  000 

13'  6' 

2r  H" 

15'  6" 
48'  6" 
56'  6' 


gine.  Denver 
and  Rio 
Grande  Rail- 
road. Load 
Diagram  No. 
o   1888. 


20  000 

30  000 

IViO  OUO 

140  000 

20  000 

80  000 

220  000 

13'  6" 

21'  6" 

15'  0" 

46'  6' 

54'  0" 


While  the  assumed  driver  loads  in  each  are  the  same,  the  tender 
loads  of  the  former  are  necessarily  greater,  having  to  carry  more  coal 
and  water.  The  Denver  and  Rio  Grande  engine  and  tender  is  just  10 
per  cent,  heavier  than  the  present  requirements  of  the  Pennsylvania 
Railroad.  That  this  excess  is  justified  is  seen  by  reference  to  Table 
No.  7  of  actual  data,  and  moreover  I  think  the  chances  for  further  in- 
crease in  the  weight  of  engines  are  greater  on  such  lines  as  the  Denver 
and  Rio  Grande  than  on  the  Pennsylvania  Railroad,  though  in  the 
matter  of  train  load  the  reverse  would  be  the  case — the  one  operating 
a  comparatively  low  grade  line,  the  other  a  line  having  a  maximum 
gradient  of  3  per  cent.,  and  curves  of  10  and  12  degrees.  It  should  be 
mentioned  too  that  the  Colorado  Midland  consolidation  engines  (and 
tender)  weighing  only  8  per  cent,  less  than  the  tyjaical  consolidation 
engines  of  the  Denver  and  Rio  Grande,  for  several  months  of  this  year 
i"an  over  75  miles  of  the  Denver  and  Rio  Grande  tracks. 

Considering  the  Tables  Nos.  6,  7,  8  and  9,  in  which  it  is  shown 
that  the  car  stock  of  the  Denver  and  Rio  Grande  Railroad  is  abreast  of 
modern  requirements,  the  actual  consolidation  engines  in  use  slightly 
heavier  than  those  of  the  Pennsylvania  Railroad,  and  the  typical  con- 
solidation engine  necessarily  10  per  cent,  heavier,  for  reasons  already 
given,  than  that  of  the  latter  line;  the  question  arises:  if  the  assumed 
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engine  loads  are  practically  alike,  sliould  tlie  bridges  be  designed 
with  tlie  same  margin  of  strength  ?  that  is,  should  the  same  working 
stresses  be  used  ?  My  answer  would  be,  bridges  on  the  former  line 
should  be  made  fully  up  to  the  very  best  recjuirements  of  present 
practice,  while  those  on  the  Pennsylvania  Railroad  and  like  lines  should 
have  a  wider  margin  of  strength  than  now  obtains. 

Excluding  shifting  engines  at  Denver,  there  are  all  told  about 
seventy  trains  per  twenty-four  hours  belonging  to  the  Denver  and  Rio 
Grande  tracks,  whilst  in  the  Philadelphia  terminal  of  the  Pennsylvania 
Railroad  there  are,  perhajjs,  close  to  six  hundred  trains  every  twenty- 
four  hours.  Out  well  on  the  line  of  the  Denver  and  Rio  Grande  there 
are  possibly  no  more  than  twelve  or  fifteen  trains  per  day,  whilst  on 
the  Pennsylvania  Railroad  Division  there  are  at  least  one  hundred  and 
fifty.  To  carry  the  comparisons  farther  away,  at  Clapham  Junction, 
London,  there  is  a  train  j^assing  at  an  average  of  every  fifty-four 
seconds  from  7  a.m.  to  10  p.m.;  and  at  Cannon  Street  Bridge,  London, 
thirty-five  trains  have  been  counted  in  as  many  minutes. 

Our  specifications,  worthy  the  name,  make  difi'erences  in  bridges, 
depending  only  on  difi'erences  of  assumed  loading,  the  unit  stresses 
used  being  the  same  ;  that  is,  all  the  bridges  are  to  be  first-class  as 
regards  dimensioning.  The  same  assumed  loading  will  give  the  same 
bridge,  no  matter  where  its  location  or  on  what  kind  of  line. 
We  make  bridges  jiresumably  to  last  an  unlimited  time  under  an 
assumed  loading,  by  using  a  factor  of  about  three  on  a  quantity  beyond 
which  an  unlimited  number  of  rej)etitions  will  not  cause  rupture,  or 
else  we  use  working  stresses  of  about  one-third  the  elastic  limit, 
lowered  in  certain  instances  an  arbitrary  quantity  to  allow  for  impact, 
etc.,  and  yet  an  increase  in  assumed  loading  of  about  25  jjer  cent,  has 
seemed  to  cause  signs  of  weakness  to  appear  in  bridges  presumably  so 
made.  How  this  can  be  is  hard  to  understand,  unless  our  marginal 
factor  of  three  involves  in  reality  less  margin  than  is  supposed. 

The  Wohler-Launhardt  scheme  was  based  on  experiments  on  pre- 
l^ared  test  pieces,  and  on  loads  supposed  to  be  gradually  ai^plied  at 
intervals  of  something  like  fifteen  seconds.  It  becomes  a  question  to 
what  extent  suddenly  applied  loads  would  affect  the  ordinary  state- 
ment of  these  experiments.  Kirkaldy  found  a  reduction  of  about  20 
per  cent,  in  ultimate  capacity,  by  suddenly  applying  a  load,  "without 
jerk"  ;  but  it  is  in  some  such  way  as  "  with  jerk"  that  our  live  loads 
are  ai^plied.  From  some  jjoints  of  view  it  would  seem  that  a  rapidly 
passing  train  exerts  less  damaging  eff'ect  on  a  bridge  than  were  the 
speed  less,  esjjecially  if  the  track  be  good.  Clearly  our  bridges  will 
not  last  an  unlimited  time,  and  equally  clear  is  it,  if  such  be  the  case, 
that  the  amount  of  actual  or  probable  traffic  demands  a  place  in  bridge 
designing.  On  the  line  cited,  a  most  exaggerated  estimate  of  pros- 
pective traffic  would  not,  in  fifty  years,^  reach  one-fourth  of  that  now 
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on  the  Pennsylvania  Railroad;  and  I  think  it  likely,  considering  the 
grades,  as  now  their  engines  are  as  heavy  as  the  latter's,  we  can  look 
for  increase  in  weight  sooner  than  on  the  Pennsylvania  Railroad  ;  still 
under  the  same  loading  one  bridge  is  doing  nearly  ten  times  the  work 
of  the  other. 

I  have  examined  a  very  fair  niimber  of  bridges,  and,  on  the  basis  of 
first-class  working  stresses,  in  some  instances  found  them  overstrained 
12  to  20  per  cent,  when  passed  by  the  engines  in  use,  a  fact 
which  should  cause  no  uneasiness,  considering  the  infrequency  of  the 
loading,  and  there  being  no  evidences  of  Aveakness.  Had  these  bridges 
been  crossed  by  from  one  hundred  to  four  hundred  trains  per  day,  the 
case  would,  in  my  judgment,  be  very  different,  though  the  unit  stresses 
caused  by  every  passage  would,  in  each  case,  have  been  the  same.  In 
design,  too,  we  figure  for  double  headers,  though  their  use  is  in  small 
proportion  to  trains  headed  by  one  engine,  except,  of  course,  on  cer- 
tain heavy  grades,  where  double  headers  are  the  rule. 

A  short  time  ago,  in  a  Philadelphia  newspaper,  it  was  stated  that 
a  bridge  over  the  Schuylkill  River  was  being  strengthened  because 
it  had  grown  "tired"  under  the  passage  of  about  500  trains  per  day. 
As  the  cost  of  the  repairs  was  put  down  at  $25  000,  and  as  being  12^ 
per  cent,  of  the  original  cost  of  the  bridge,  I  fancied  the  statement  to 
be  substantially  true,  though  I  write  under  correction.  Here  is  a 
bridge  designed  by  an  eminent  engineer,  built  by  a  most  rej^utable 
bridge  works,  j^resumably  proportioned  for  the  heaviest  engines  of  ten 
years  ago,  and  on  working  stresses,  if  anything,  lower  than  in  general 
use,  and  at  least  no  greater  than  5  tons  i^er  squai'e  inch  on  lower  chord 
and  main  diagonal  bars. 

The  bridge  is  used  principally  for  passenger  and  express  traffic,  for 
such  are  the  trains  which  form  the  greater  proportion  of  the  five  hun- 
dred stated.  An  increase  in  weight  of  25  per  cent,  in  engine  and  train 
over  that  for  which  it  was  designed,  would  only  raise  the  unit  stress  in 
tension  to  6j  tons  per  square  inch,  which  is  at  least  still  under  one-half 
the  elastic  limit,  and  yet  report  says  the  bridge  is  "fatigued."  The 
same  bridge  under  the  same  loads  but  of  less  frequent  application  of 
them  would,  I  dare  say,  show  no  signs  of  weakness  nor  necessity  of 
repair.  As  it  is,  does  it  not  show  the  necessity  of  making  bridges 
which  bear  such  frequent  passages  of  the  load  with  a  wider  margin  of 
strength  than  those,  which,  thoixgh  under  the  same  loading,  are  so 
situated  as  now  to  get  but  few  applications  of  it,  and  to  be  never  likely 
to  get  as  many  as  five  hundred  daily,  year  in  and  year  out  ?  It  shows 
too  the  best  designed  bridges  do  not  have  an  iinlimited  life,  as  is  the 
supposition  in  fixing  the  working  unit. 

The  New  York  Elevated  striictures  have  required  strengthening 
during  the  past  few  years;  their  engines,  it  seems,  have  been  increased 
some  26  per  cent,  in  weight,  and  the  number  of  trains   daily,  multi- 
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plied  enormously.  Originally,  no  doubt,  the  bridges  were  well  pro- 
portioned, with  the  design  and  workmanship  at  least  up  to  the  average 
standard  of  their  day.  If,  under  the  originally  assvimed  loads,  the 
working  stress  was  low  enough  to  tit  the  siipijosition  of  unlimited 
life,  would  an  increase  of  26  per  cent,  in  the  load  itself,  raise  the  vinit 
stresses  to  a  limit  where  weakness  was  exhibited  ? 

It  seems  highly  probable  that  very  frequent  apj^lications  of  such 
loading  do  cause  dynamic  stresses  quite  beyond  what  is  supjjosed,  and 
bridges  at  terminals  and  like  places,  j^assing  hundreds  of  trains  daily, 
some  as  often  as  one  a  minute  for  at  least  twelve  hours  per  day,  require 
a  much  greater  margin  of  safety  than  is  now  given  even  under  the 
usual  assumption  of  unlimited  life. 

Regarding  the  structure  mentioned  in  the  discussions  on  "Inspectors 
and  Bridge  Work,"  Trwiandions  for  December,  1887,  page  313,  Mr. 
Cooper  says:  "There  have  been,  however,  no  defects  developed  in  these 
structures  which  cannot  be  clearly  traced  to  faulty  design,  hasty  work- 
manship, or  want  of  appreciation  of  traffic  demands;  and  not  a  bit  of 
evidence  can  be  found  to  show  that  the  rapidity  or  number  of  trains 
have  develoj^ed  defects  that  would  not  in  time  have  been  produced 
under  other  conditions  of  the  same  loads,  I  do  not  believe  that  any 
number  of  aj^ijlications  of  the  loading  will  jjroduce  any  more  injury 
than  a  single  loading  upon  a  structure  so  proportioned  that  the  actual 
strains  shall  never  exceed  the  elastic  cai^acity  of  that  material." 

Mr.  Sloan  (page  310)  said,  "  The  structures  were  designed  by  care- 
ful engineers,  and  built  and  erected  by  responsible  bridge  building 
firms";  he  also  says  that  "due  to  an  increase  in  weight  of  engines 
from  17  to  19  and  21  f  tons,  and,  to  kee^j  the  factor  of  safety  within  the 
limit  prescribed  by  the  Rapid  Transit  Commissioners,  we  have 
strengthened  the  floor  beams  on  the  Sixth  Avenue  pin-connected  struc- 
tures, and  strengthened  the  Third  Avenue  girders  by  a  double  system 
of  triangulation. "  » 

In  view  of  Mr.  Sloan's  statement,  the  question  suggests  itself,  was 
the  design,  which,  Mr.  Cooper  states,  was  faulty  in  respect  of  the 
judgment  of  to-day,  considered  so  at  the  time  of  building  ?  If  the  former, 
though  there  has  been  great  progress  in  design  during  the  jjast  ten 
years,  is  there  any  finality  about  our  present  knowledge  and  practice  ? 
And  as  resjiects  Mr.  Cooj)er's  statement  regarding  the  action  of  stresses 
A\-ithin  the  elastic  limit,  such  is  true,  but  the  question  arises:  may  not 
the  dynamic  stresses  (repeated  about  one  thousand  times  a  day),  induced 
on  the  structure,  coujjled  with  shock,  etc.,  have  been  such  that,  in  con- 
nection with  26  per  cent,  increase  in  weight  of  engines,  the  elastic  limit 
has  been  nearly  approached  if  not  exceeded  ? 

By  repeated  stress  beyond  the  original  elastic  capacity,  the  limit 
may  be  "  exalted, "  and  experiment  shows  very  much  so;  but  it  cer- 
tainly renders  the  bar  or  structure  less  able  to  resist  the  frequently 
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repeated  applications  of  stresses,  or,  in  other  woi'ds,  the  capacity  to 
endure  work  is  very  much  lessened.  Of  course,  if  the  engines  were 
increased  26  per  cent,  in  weight  or  thereabouts,  and  at  the  same  time 
certain  commissioners  lowered  the  allowable  working  stresses,  the  re- 
quired strengthening  offers  no  subject  for  either  comparison  or 
criticism,  nor  any  grounds  for  argument  as  to  the  necessity  of  a  greater 
margin  of  strength  in  structures  subjected  to  maxima  loads  as  often  as 
every  minute  or  two. 

Though  the  question  may  receive  no  answer  from  the  Elevated  Lines 
of  New  York,  in  the  case  of  the  Philadelphia  bridge  no  State  Com- 
missioners have  had  any  jurisdiction,  the  required  strengthening  being 
undoubtedly  evident  to  the  railroad  officials  and  so  ordered.  It  is 
rather  curious  to  note  that,  in  both  instances,  the  structures  are 
almost  entirely  under  passenger  traffic,  though,  without  doubt,  the 
Philadelphia  bridge  was  designed  for  consolidation  engines  followed 
by  a  3  000-pound  train.  In  this  connection  it  may  not  be  amiss  to 
mention  "Cooper's  Counter-rod,"  quoted  by  Prof.  Thurston.  It  had 
tenacity,  44  000  pounds  per  square  inch;  elastic  limit,  36  000  pounds 
per  square  inch;  fractured  area  ==  original  area;  elongation  =  none;  frac- 
ture, crystalline ;  facets,  large,  and  as  ductility  may  be  deduced  from 
elongation  and  contraction  of  area,  the  above  is  suggestive.  It  woiild 
likewise  be  interesting  to  consider,  for  example,  what  Prof.  Thurston 
says  on  the  "  law  of  fatigue  and  the  refreshment  of  metals." 

Intensities  of  Working  Stresses. — Begarding  Mr.  Waddell's  assump- 
tion (page  21  of  his  paper)  "  that  in  the  near  future  the  material  for  the 
metal  portions  of  railway  bridges  will  be  exclusively  steel,"  it  may  be 
remarked  that  the  most  important  railroad  in  the  coixntry  still  refuses 
to  use  steel  in  its  structures,  even,  I  understand,  to  the  exclusion  of 
steel  eye-bars ;  and  that  a  large  line  ^est  of  Pittsburgh,  by  imjjlication, 
from  reading  its  speciiication,  contemplates  the  use  of  iron  structures 
to  the  exclusion  of  steel.  Until  such  railroads  can  be  shown  the  "errors 
of  their  ways,"  I  fear  Mr.  Waddell's  "near  future"  will  be  somewhat 
remote. 

As  to  the  relation  between  statically  applied  loads  and  the  same 
loads  applied  with  diflferent  velocities,  this,  as  Mr.  Waddell  says,  is  still 
practically  unsolved,  and  though  one  of  the  most  important  points  in 
the  design  of  a  bridge,  there  seems  little  unanimity  of  opinion  amongst 
our  best  engineers  regarding  even  the  points  of  view  from  which  to 
approach  the  subject.  The  Society  has  had  the  benefit  of  two  different 
papers  which,  I  think,  are  worthy  of  close  attention,  viz.,  Professor 
Robinson,  M.  Am.  Soc.  C.  E.,  in  Transactions  for  June,  1886,  pp.  432 
to  437,  and  the  same  on  "  Vibration  in  Bridges,"  in  Transactions  ior 
February,  1887;  and  Mr.  William  H.  Booth,  M.  Am.  Soc.  C.  E.,  on  the 
"  Stresses  in  Bridges,"  in  Transactions  for  April,  1889.  These  papers, 
though  independent,   overlap   to  some   extent    in   their  conclusions, 
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esijecially  those  relating  to  the  avoidance  of  a  panel  length,  which  is  a 
multijile  of  the  driver  Avheel  circumference.  This  qiiestion,  consider- 
ing the  variety  of  driver  diameters  on  any  one  line,  it  seems  almost 
impossible  to  consider  in  bridge  design,  or  to  allow  a  defined  jilace  in 
bridge  sijecitications.  On  one  imjjortant  railroad,  for  examjde,  the 
engines  in  use  have  dx'iver  diameters  of  44,  50,  56,  62,  68  and  78  inches. 
It  wall  be  readily  granted,  I  suppose,  that  live  loads  j^roduce  effects 
intermediate  between  those  due  to  static  stresses  and  those  due  to 
shock  from  a  body  falling  freely  by  gravity.  Mr.  Booth,  in  his  j^aper 
referred  to,  apparently  following  this  view,  assesses  the  jjercentage  for 
impact  in  any  sjjan  by  the  ratio  of  the  times  occupied  respectively  by 
the  body  in  falling  freely  by  gravity  through  a  height  equal  to  the 
deflection,  and  by  the  time  occupied  in  reaching  the  center  of  the  span. 
For  the  deflection  he  assumes  ytiu)  of  the  span,  which,  he  states. 
Professor  Robinson's  observations  show;  this  deflection  is  the  static 
deflection  due  to  live  load,  whereas,  I  think,  it  is  the  dynamic  deflection 
due  to  live  load  which  shoiild  enter  the  ratio,  and  this  may  be  assumed 
as  twice  the  former,  or,  say,  xaVu  of  the  span.    Using  this  in  the  equation 


tor  impact  percentages,  we  get,  p  =  ^^ 


approximately,  p  :=  —-     .     _!L 
2  s/ 1 


VI 


,  which  may  be  written 


where  v  =  velocity  of  train  in  feet 


per  second;  /  =  the  sjjan  in  feet;  p  =  impact  percentage.  The  argu- 
ment and  reasoning  leading  to  the  foregoing  equation  are  clearly  given 
in  Mr.  Booth's  interesting  paper,  to  which  reference  is  here  made.  In 
order  to  exhibit  the  variation  in  imj^act  jiercentages  for   sundry  spans 

and  speeds.  Table  No.  10  is  given,  calculated  from  p  =  .    _^  .  ,  for 

2        s/i 
velocities  of  30,  40,  50,  60,  70   and   90  feet  per  second,  corresponding 
to  speeds  of  20i,  27,  34,  41,  48  and  61|  miles  per  hour. 

TABLE  No.  10. 
Impact  Pekcentages  ekom  p  f 


Vr 


Span  in 

w  =  30 

r  =  40 

v  =  50 

ij  =  60 

i;  =  70 

»  — 90 

Feet. 

r=20i 

F=27 

r=34 

r=4i 

F=48 

F=61i 

5 

20.1 

26.8 

33.5 

40.3 

47.0 

60.3 

10 

14.1 

18.8 

23.5 

28.2 

32.9 

42.3 

15 

11.7 

16.6 

19.5 

23.4 

27.3 

35.1 

20 

9.0 

13.2 

16.5 

19.8 

23  1 

29.7 

30 

8.1 

10.8 

13.5 

16.2 

18.9 

24.3 

40 

6.9 

9.2 

11.5 

13.8 

16.1 

20.7 

50 

6.3 

8.4 

10.5 

12.6 

14.7 

18.9 

60 

5.7 

7.6 

9.5 

11.4 

13.3 

17.1 

70 

5.4 

7.2 

9.0 

10.8 

12.6 

16.2 

80 

5.1 

6.8 

8.5 

10.2 

11.9 

15.3 

90 

4.8 

6.4 

8.0 

9.6 

11.2 

14.4 

100 

4.5 

6.0 

7.5 

9.0 

10.5 

13.5 

150 

3.6 

4.8 

6.0 

7.2 

8.4 

10.8 

200 

3.3 

4.4 

5.5 

6.6 

7.7 

9.9 

250 

2.7 

3.6 

4.5 

5.4 

6.3 

8.1 
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There  is  also  to  be  considered  the  centrifugal  force  due  to  vertical 
non-balance  of  the  counterweights  on  the  drivers.  I  find  that  an  average 
of  200  pounds  j^er  wheel  acting  at  the  crank  pin  center,  rei^resents 
fairly  closely  the  quantity  to  be  considered.  When  the  counterweight 
is  "down,"  the  dynamic  augment  to  the  wheel  load  is  given  by 

Tr 


P  = 


9 


=  .0031  r- 


where    P  =  centrifugal  force  in  tons  due  to  the  counterweight. 

W  =  the  above  200  pounds  =  ru  ton. 

V  =^  velocity  of  crank  pin  in  feet  per  second. 

g  =  gravitation  unit  =  32. 

r  =  radius  of  circle  described  by  center  of  crank  pin  =  gener- 
ally 1  foot. 
Assuming  consolidation  engines  having  12  000  pounds  on  each 
driver  of  44  inches  diameter  ;  ten-wheelers  having  15  000  pounds  on 
each  driver  of  54  inches  diameter  ;  and  eight-wheel  passenger  engines 
having  16  000  pounds  on  each  driver  of  64  inches  diameter  ;  and  further 
assuming  two  crank  pin  velocities  in  each  case,  viz. ,  20  and  30  feet  per 
second,  Table  No.  11  is  constructed,  which  shows  the  dynamic  augment 
when  the  counterweight  is  "  down  "  and  its  percentage  of  excess  above 
the  static  load  on  the  driver  wheel.  It  is,  of  course,  to  be  remembered 
that  when  the  counterweights  are  "  down  "  on  one  side  of  the  engine  they 
are  horizontal  on  the  other  side,  and  on  that  side  exert  no  vertical  ex- 
cess; also  that  when  counterweights  are  "up,"  the  static  wheel  load  is 
decreased  by  the  same  amount  as  it  was  before  atigmented  when  counter- 
weights were  "down";  so  the  range  or  variation  in  the  dynamic 
load  of  a  wheel  is  double  the  dynamic  augment.  Further,  the  crank 
pin  velocity  is  greater  the  less  the  diameter  of  the  driver,  so  that  small 
drivers  at  high  speeds  are  the  most  damaging. 

TABLE  No.  11. 

Dynamic  Augment  to  Driver  Loads  due  to  action  of  Counterweights, 
calculated  from  P  =  .  0031  v'. 


Dynamic  Aug- 

Speed  in 

Miles  per 

Hour. 

Velocity      o  f 

m  e  u  t     on 

Per    cent,    of 

Kind  of  Engine. 

Crank     Pin 
in   feet  per 

each   driver  Load  on  each 
when  count-    driver.  Tons. 

excess  above 
the      static 

second. 

erweigUt    is 

driver  load. 

down  Tuns  1 

Consolidation 

25 

20 

1.24 

6.0 

20? 

■•             

37  A 

30 

2.79 

6.0 

46^ 

Ten-wheeler 

30i 

20 

1.24 

7.5 

16i 

"            

4(i 

30 

2.79 

7.5 

37i 

Eight- wheel  pass. . . 

36} 

20 

1.24 

8.0 

15i 

61^ 

30 

2.79 

8.0 

35 

I 
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If  any  one  doubts  the  weight  Avhich  considerations  such  as  the  fore- 
going shoukl  have  in  bridge  design,  let  him  ride  on  an  engine  for  a  few 
days.  He  will  then  appreciate  in  a  jjractical  way  how  tlie  load  is  ap- 
plied to  a  railway  bridge, — what  blows  the  floor-system  has  to  stand, — 
the  meaning  of  "jdunging"  and  the  engine  "  working  hard, " — how 
the  weight  carried  by  the  engine  springs  is  thrown  now  on  this  side, 
now  on  that — and  what  shocks  are  caused  by  a  bad  track  or  low 
joints;  and  if  he  recalls  the  fact  that  action  and  reaction  are  erxual  and 
opposite,  his  views  of  moving  load  may  change.  From  considering  a 
rapidly  moving  body  of  invariable  distribution  of  loading  gliding  over 
an  imaginary  track  without  joints,  he  Avill  remember  all  the  above;  and 
last,  but  not  least,  he  will  realize  that  the  condition  of  the  track  leading 
to  the  bridge  determines  how  the  engine  will  be  acting  when  it  crosses, 
and  perhaps  conclude  that  next  in  importance  to  a  stiflf  floor  system,  is 
a  good  track  leading  to  and  over  it. 

Considering  the  form  cited  by  Mr.  Waddell  (page  23) : 

Intensity  =  constant    (l  +  ^i^^^^^^)  . 
\         max.  stress/ 

In  this  expression  there  is  allowance  both  for  the  supjiosed  eflfects 

of  fatigue  and  for  imjjact.      Excluding  imjiact,  and  allowing  only  for 

the  effect  of  an  unlimited  number  of  repetitions  of  stress,  the  expression 

is  commonly  written: 

Intensity  =  constant  (l  -\-  I  .  '- ^  ) . 

\  max.  stress/ 

Are  not  the  above   mere   emjjirical  modifications   of   Launhardt's 

formula,  of  which  the  general  form  he  gave  was 

a  =  w  (  1  +  ^"  •  (p  ) ' 

\  w  / 

where 

a  =  the  ultimate  strength  of  the  member. 

w  =  the  stress  which  by  an  unlimited  number  of  repetitions  failed 
to  break  the  bar,  the  bar' after  each  rejjetition  returning  to  an 
unstrained  condition. 
t  =  the  ultimate  capacity  of  the  piece  under  one  steady  slow  stress, 
■sdz.,  the  static  breaking  weight. 

Now,  the  value,         ^^'  =  i,  gives  u-  =  §t ;  and  the  value,        "'  =   1, 

IV  w 

gives  rv  =  h.  Thus  the  first  expression  considering  ultimate  strength 
is,  rt  =  _  (1  -\-  0)  ;  and  the  second  is,  a  =  f  ^  (1  -f-  |  0.)  For  an  all 
dead  load  both  become  a  =  t;  and  for  an  all  live  load  the  first  becomes 
a  =  _,  and  the  second  becomes  a  =  ^t;   whence  the  form, 

Intensity  =  constant  (1-1- '- )  agrees  with  the  assumption 

\        max.  stress  / 

that  a  member  under  an  all  live  load  rejieatedly  applied,  is  capable  only 
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of  standing  one-lialf  of  "wliat  it  would  were  tlie  load  all  dead  and  once 
ajjplied,  and  therefore  presumably  includes  impact.      And  the  form^ 

Intensity  =  constant  ( 1  4-  a- '- )  agrees  with  the  assump- 

\  max.  stress/ 

tion  that  a  member  under  an  all  live  load  when  indefinitely  applied  is 

cai:)able  of  standing  but  two-thirds  of  what  it  would  were  the  load  all 

dead  and  once  applied,  and  therefore  excludes  imj^act,  agreeing  as  it 

does  with  Launhardt's  original  expression. 

The  values  given  to  t  and  w  will,  of  course,  vary  as  the  member  is  a 
rolled  bar,  or  of  plates  or  shapes.  If  the  constant  be  considered  to 
represent  id  divided  by  a  marginal  factor,  the  result  gives  the  working 
stress,  and  this  marginal  factor  could  change  with  due  regard  to  the 
place  and  office  of  the  member  in  the  structure.  The  use,  however,  of 
Launhardt's  formula  or  modifications  of  it  to  cover  impact,  haa 
already  received  wide  discussion,  unnecessary  to  repeat.  Paper  No. 
1882  of  the  Institute  of  Civil  Engineers,  by  Weyrauch,  goes  well  into 
the  matter  from  various  points  of  view.  Also  the  subject  was  jjretty 
well  threshed  out  in  the  Trcmsactions  for  June,  1886,  in  discussion  of 
Mr.  J.  M.  Wilson's  specifications.  The  opjiosite  views  then  exi^ressed 
had  able  supporters,  and  it  seemed  impossible  to  reconcile  them;, 
nor  since  that  time  have  there  been,  to  my  knowledge,  any  further 
experimental  data  to  throw  light  on  the  question. 

I  have  made  extended  use  of  both  the  forms: 

n 

/=!f!(l  +  i0) 

n 
the  former  in  the  case  of  railway  bridges,  since  it,  to  at  least  some 
extent,  makes  allowance  for  impact;  the  latter  for  roadway  bridges, 
wherein,  no  matter  what  view  is  taken,  there  is  a  difterence,  both  in  kind 
and  degree,  in  the  manner  of  application  of  live  load  from  that  occur- 
ring in  railway  bridges.  As  the  foregoing  formulas  are  essentially  those 
based  on  ultimate  strength,  it  seems  consistent  that  a  sjjecification 
employing  them  should  likewise  use  post  formulas  based  on  ultimate 
resistance.  If  one  regards  the  matter  from  the  point  of  view  of 
primitive  elastic  capacity,  this  view  should  be  carried  out  to  embrace 
compression  members  as  well. 

In  Mr.  Cooper's  specification,  by  using  one- half  the  working  stress 
for  live  load  that  is  allowed  for  dead  load,  inferentially  he  adopts  the 
view  that  a  live  load  is  twice  as  destructive  as  a  dead  load,  a  view,  in 
my  judgment,  well  to  take,  esijecially  considering  the  dynamic  action 
of  live  load  coupled  with  shock.  Mr.  Coojjer  assesses  the  necessary 
section  in  a  member  as  depending  on  the  absolute  amounts  of  dead  and 
live  stress  acting  thereon,  the  ratio  of  minimum  to  the  maximum 
stress  not  being  involved.     As  I  understand  the  Wohler  experiments, 
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the  range  of  stress  variation  was  what  was  primarily  considered,  the 
ratio  of  minimum  to  maximum  stress  not  necessarily  entering  into  the 
expressions  covering  the  results.  However  this  may  be,  and  however 
admirably  the  Launhardt  formula  fits  the  case  for  railroad  bridges,  in 
roadway  bridges  the  manner  of  application  of  the  live  load  does  not  in 
any  way  conform  to  the  way  in  which  the  experiments  which  gave  rise 
to  the  formula  were  conducted. 
Referring  again  to  the  form 

/='■!;  (1+1'). 

which  includes  an  allowance  for  imjiact,  the  broad  assumption  was 
made  that  the  effect  of  impact  diminishes  with  the  increased  weight 
of  the  member,  and  as  the  weight  of  the  web  members  increases  with 
tolerable  uniformity  from  the  center  to  the  ends  of  the  span,  equally 
so  the  ratio  (p.     On  this  assumption  the  formula,  a  =  f^  ( 1  -f-  i  .  0)  was 

changed   to  read,  a  =  -7^  (1  +  0)- 

There  was  then  a  reduction  in  the  value  of  to  of  25  per  cent.,  which 
vanishes  when  0  =  1,  since  then  the  load  being  all  dead,  a  =  10  =  1. 
This  formula  if  applied  to  web  members  and  floor  systems  works 
well,  but  it  is  not  clear  why  it  should  apply  to  chords  with  the  same 

value  of  — ;  for  though  in  chords  and  end  jjanel  diagonals  the  values  of  0 

are  about  alike,  the  manner  of  application  of  the  stresses  is  by  no  means 
similar.  The  live  load  acts  directly  on  the  stringers,  less  directly  on  the 
cross-girders,  is  thence  conveyed  to  the  web  members,  and  so  to  the 
chords,  and  the  values  of  cp  through  this  series  do  not,  I  think,  cover  the 
history  of  impact  effect;  for  in  any  diagonal  bar,  for  example,  part  of  the 
live  load  stress  gets  there  by  direct  load,  and  part  by  the  cumulative  eff'ect 
from  the  other  web  members  nearer  the  loaded  abutment — with  rela- 
tively little  impact  from  cumulative  stress,  and  considerable  from  direct 
load  applied  at  the  foot  of  the  bar.  It  would  seem  more  in  accoi'dance 
with  the  actual  state  of  aff'airs  to  deduce  the  working  stress  in  a  mem- 
ber by  the  formula/^  —  (1  +  ^  0)  where  w   =  f /,   and  then  reduce  / 

V. 

l)y  an  amount  dependent  alone  upon  the  amount  of  direct  live  stress, 
the  manner  of  application  and  liability  to  shock,  etc. 

The  only  recognition  I  have  seen  of  something  like  this  jjoint  of 
view  appears  in  the  specification  for  the  Pennsylvania  lines  west  of 
Pittsburgh,  wherein  the  impact  is  covered  as  follows:  "  Twenty-five 
per  cent,  shall  be  added  to  the  above  load  (the  engine  loading)  in  cal- 
culating the  floor  system.  Twenty-five  per  cent,  of  the  viaximuvi  panel 
load  from  the  above  engine  shall  be  added  to  the  stress  on  all  vertical 
members  of  the  web  system,  and  its  oblique  equivalent  to  all  diagonals, 
including  end  braces."  (The  italics  are  mine.)  And  for  riveted  bridges 
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on   same  line,    "twenty-five  per  cent,   shall  be  added  to   the  above 

loads  in  calculating  the  floor  system.     The  girders  shall  be  calculated 

for  an  addition  of  25  per  cent,  for  spans  of  20  feet  or  less,  and  diminish 

uniformly  to  10  jjer  cent,  for  sjjans  of  100  feet." 

In   applying   the   method   of   calculation  of  ])  -f  Qr   25   per    cent. 

would  be  added  to  the  stress  in  web  members  due  to  one  panel  load, 

pi  I 

-^ — \-  Q,  ~  being  the  panel  length;  and  25  per  cent,  to  the  stresses  due  to 

p  -{-  Q  for  floor  systems  and  short  si:)ans,  diminishing  to  10  per  cent,  for 
100-foot  spans. 

Calculating  by  engine  concentrations,  the  iianel  load  si^oken  of 
might  be  considered  the  maximum  cross-girder  load,  since  in  any  abso- 
lutely correct  method  of  calculating  stresses  from  engine  loading,  panel 
loads  are  not  involved.  The  idea  advanced  on  page  52  could  be 
stated  thus:  That  part  of  the  live  stress  which  gets  to  a  member  by 
cumulative  effect  to  be  allowed  for,  in  connection  with  the  dead  stress, 

by  /=  —  (  1  +  i  .  <p\  repetition  of  loading  being  the  governing  prin- 
ciple ; — the  remaining  live  stress — the  amount  which  acts  on  the  mem- 
ber directly — that  is,  its  static  amount — to  be  allowed  for  at  no  greater 
unit  than  6  000  i^ounds  per  square  inch;  then  each  member  will,  in  my 
judgment,  be  proportioned  closely  to  accord  with  the  real  action  of  the 
loading.  It  will  be  noticed  that  this  will  give  a  varying  percentage  of 
total  live  load  stress  for  imjjact,  to  each  member. 

The  specifications  just  referred  to — those  of  the  Pennsylvania  lines 
west  of  Pittsburgh — are  in  my  opinion  among  the  best  in  existence, 
certainly  the  best  emanating  from  a  railway  company.  And  they  con- 
tain in  germ,  at  least,  what  woiald  be  my  reply  to  many  points  raised  by 
Mr.  Waddell  in  his  paper,  notably  in  regard  to  the  following:  Spacing 
of  stringers  and  deck  plate  girders;  use  of  end  floor  beams;  stiftening 
the  two  end  panels  of  the  lower  chord;  "  squaring  "  the  ends  of  string- 
ers on  skew  bridges;  camber  in  j)in  connected  and  riveted  bridges; 
minima  sections  and  thicknesses;  and  generally  the  requirements 
regarding  plate  girder  bridges. 

Wabd  BaxiDWtn,  M.  Am.  Soc.  C.  E. — In  the  consideration  of  the 
question  as  to  whether  a  concentrated  or  uniform  loading  should  be 
used,  there  is  one  class  of  problems  that  seems  to  be  often  overlooked; 
but  the  frequency  ^\ath  which  they  occur  warrants  a  careful  consider- 
ation of  them  in  devising  a  scheme  of  loading  for  general  use.  The 
railroad  engineer  is  not  only  concerned  with  the  loading  for  his  bridge 
specifications,  but  he  is  frequently  called  upon  to  determine  Avhether 
some  special  engine  or  other  concentrated  load  can  go  over  his  road 
without  damage  to  the  existing  bridges;  and  it  is  not  unusual  for  him 
to  decide  whether  a  certain  class  of  engines  may  or  may  not  be  used  on 
the  road. 
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To  solve  problems  of  this  kind  readily  it  is  necessary  to  deal  with 
the  actual  eouoentrations,  or  to  have  some  general  method  of  arriving  at 
close  approximations.  The  method  projiosed  by  the  author  requires 
the  determination  of  the  empirical  co-efficients  in  the  formula  W^^  A  -\- 
LB  for  each  loading,  and  so  would  be  of  no  assistance  in  the  solution  of 
such  i^roblems  as  noted  above,  unless  the  tables  covered  a  very  wide 
range.  The  method  of  using  an  equivalent  uniform  loading,  deter- 
mined from  the  maximum  shear  in  the  end  panel,  first  proposed  by  Mr« 
C.  L.  Htrobel,  M.  Am.  Soc.  C.  E. ,  has  proved  the  most  generally  useful 
api^roximation  yet  published.  The  author  has  used  "Class  A"  in 
finding  jjercentages  of  error  involved  in  the  approximations  he  uses.  It 
is  to  be  noticed  that  in  the  case  of  this  loading,  the  weight  of  the  en- 
gines per  linear  foot  exceeds  the  uniform  load  per  foot  by  only  10  per 
cent.  It  is  not  suriirising  that  the  approximate  solution  j^roposed  does 
not  in  this  case  give  a  large  percentage  of  error;  but  the  limit  of  error 
may  not  be  so  small  for  a  loading  like  Class  U,  where  the  engine  load 
per  lineal  foot  is  23  per  cent,  heavier  than  the  uniform  load  per  linear  foot. 

The  author  quotes  the  usually  allowed  unit  stress  per  shear  on  the 
webs  of  girders,  viz. ,  4  000  pounds  for  iron,  and  5  000  pounds  for 
steel.  There  seems  to  be  no  good  reason  why,  at  least  in  the  case  of 
steel,  the  working  stress  for  shear  should  be  less  than  80  jier  cent,  of 
the  working  tensile  stress. 

A.  C.  Stites,  Assoc.  Am.  Soc.  C.  E. ,  and  Lee  TKEADWEiiL,  Jun.  Am. 
Soc.  C.  E. — Having  been  associated  with  Mr.  Waddell  in  the  produc- 
tion of  his  pajjer,  there  is  little  in  the  way  of  original  discussion  for  us 
to  prepare,  but  we  would  like  to  submit  some  of  the  valuable  results 
ac(piired  during  the  various  investigations  incident  to  work  upon  the 
paper,  as  an  additional  contribution  to  the  general  good.  While  the 
results  were  arrived  at  by  precise  mathematical  methods,  they  were 
given  expression,  in  the  curves  (Plates  XXIV-XXV)  appended  to  this 
discussion  and  the  formula  herewith  submitted,  more  with  a  view  to 
practical  utility  than  to  scientific  refinement.  In  no  case,  however, 
will  results  obtained  from  the  curves  or  formula  depart  from  actual 
conditions  enough  to  warrant  their  use  in  any  connection  being  ques- 
tioned. The  formula  gives  its  most  exact  results  for  spans  from  20  to 
35  feet  (and  was  constructed  with  this  end  in  view,  as  between  these 
limits  lie  the  panel  lengths  most  largely  used),  and  is  as  follows  : 

Maximum  end  shear  =  m)  -f-  i  (panel  length  )<  equivalent  uniformly 
distributed  load),  where  n-  =  A  -{-  BL,  in  which  L  is  the  span  length 
and  A  and  B  constants  to  be  found  in  the  table  given  below. 

Class. 


Z 

r 

^r 

w 

V 

U 

A 

8.500 
100 

9  600 
105 

10  500 
110 

12  000 
115 

13  009 
120 

14  000 

B 

125 
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G.  H.  Blakeley,  Jun.  Am.  Soc.  C.  E. — The  correct  proi)ortioning  of 
railway  bridges,  in  all  their  jDarts,  to  propei-ly  resist  the  varying  stresses 
produced  by  service,  began  with  the  introduction  of  the  specification 
of  concentrated  live  loads.  How  often  is  the  engineer  reluctantly  com- 
pelled to  condemn  bridges  built  under  the  old  requirements  for  a  uni- 
form load,  the  same  for  all  spans;  which,  though  highly  strained  in  gen- 
eral, are  dangerously  so  in  some  members  only,  such  as  counters  and 
floor  system,  due  to  the  inadequate  jjrovision  for  the  projiortionally 
higher  stresses  on  these  members  resulting  from  actual  loads.  If  the 
method  of  engine  concentrations  has  entailed  somewhat  laborious  calcu- 
lations, the  labor  has  not  been  expended  wholly  in  vain,  for  it  has  been 
the  investigation  of  the  static  stresses  imposed  by  actual  conditions, 
which  makes  the  substitution  of  a  sliding  scale  of  equivalent  uniform 
loads  possible. 

It  cannot  be  successfully  contended  that  the  process  of  calculation, 
for  concentrations  of  loads  is  as  easy  or  as  rai)id  as  for  uniform  loads, 
though  the  labor  required  in  the  former  is  overstated  by  Mr.  "Waddell. 
Those  who  are  almost  daily  obliged  to  make  such  calculations  for  the 
design  of  railway  bridges  in  comjjetition,  have  found  some  "  short  cut  " 
by  means  of  which  the  labor  is  greatly  abridged,  and  results  obtained, 
if  not  of  precision,  yet  of  sufficient  accuracy  for  constructive  purposes. 
The  graphical  method  by  moment  jjolygons  furnishes  an  easy  and  rapid 
mode  of  deriving  results,  and  by  following  the  method  outlined  in  Sec- 
tions 72  and  74  of  DuBois'  "  Graphical  Statics  "  the  stresses  in  an  or- 
dinary truss,  when  once  the  polygons  are  made,  are  obtained  with  less 
labor  and  in  but  little  more  time  than  would  be  required  to  calculate 
them  for  a  uniform  load. 

While  no  one  contends  that  the  actual  loads  on  bridges  are  iden- 
tical with  the  assumed  tyjjical  concentrations,  or  that  the  actual 
stresses  are  the  same  as  those  calculated  therefrom;  yet  the  growth  of 
the  increasing  weights  of  motive  power  on  railways  has  been  and  con- 
tinues to  be  in  the  direction  of  the  well  designed  tyi)ical  loads,  and 
the  actual  static  stresses  are  proj^ortional  to  the  quantities  on  our 
strain  sheets.  The  typical  concentrated  loads,  approaching  actual 
loads  as  they  nearly  do,  furnish  a  standard  of  the  cajjacity  of  a  bridge 
which  can  be  comprehended  by  the  ordinary  railway  manager,  more 
readily  than  any  combination  or  schedule  of  uniform  loads.  That 
this  is  api^reciated  by  many  railway  superintendents,  who  are  not 
eugineei's,  is  evident  from  the  fact  that  they  act  ui30u  it  by  ordering 
their  bridges  to  be  built  to  carry  a  definite  tyjjo  of  locomotive,  most 
frequently  the  heaviest  then  in  use  on  their  line. 

The  greatest  burden  connected  with  the  system  of  concentrations 
is  not  so  much  its  use,  as  is  the  unnecessary  diversity  in  the  amount  and 
arrangement  of  the  loads  made  by  the  specifications  of  the  different 
railways.     The  practice  among  the  smaller  railways  is  to  specify  an 
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actual  existing  train  load,  and  too  frequently  before  the  new  bridge 
is  upon  its  pedestals,  new  and  heavier  motive  power  is  ordered  or  in 
use.  Nearly  all  the  railways  have  their  own  standards  of  loading, 
differing  but  slightly  from  one  another  in  their  final  effect.  It  is  due 
to  this  almost  endless  variety  of  loads,  that  the  computer  of  the  bridge 
company  is  forced  to  adhere  to  the  method  of  calciilation  by  concen- 
trations. 

When  a  certain  railroad  intends  to  build  a  bridge  and  invites  a 
dozen  bridge  comjianies  to  tender  proposals,  instead  of  making  the 
labor  of  designing  as  easy  as  possible  by  adopting  a  live  load  the 
same  as  the  well  considered  types  of  any  of  its  near  neighbors,  it 
specifies  a  concentrated  loading  of  unique  arrangement.  The  com- 
puter intrusted  with  the  preparation  of  the  design  has  not  seen 
such  an  arrangement  of  loads  before,  and  for  aught  he  knows  will  not 
have  to  deal  with  it  again,  hence  instead  of  endeavoring  to  discover  a 
uniform  load  producing  the  same  strains,  and  the  conditions  and 
limitation  under  which  it  Avould  have  to  be  ajaplied,  he  finds  it  easier, 
quicker  and  more  satisfactory  to  proceed  at  once  and  determine  the 
actual  strains  from  the  concentrations  themselves.  It  would  seem  to  be 
•fche  wiser  plan  not  to  abolish  the  tyjaical  standards  of  loads;  but  to  have 
fewer  standards,  arranged  in  gradation  similar  to  those  proposed  by  Mr. 
Waddell,  to  suit  the  requirements  of  the  service  on  different  railways. 
Tables  of  equivalent  uniform  loads  being  prejjared  for  these  types,  it 
would  be  left  to  the  preference  of  the  computer  what  method  of  calcu- 
lation he  would  use. 

The  adoption  of  Mr.  Theodore  Cooper's  specifications  has  done 
much  in  this  direction,  and  it  is  to  be  hoped  that  Mr.  Waddell  will 
receive  sufficient  encouragement  to  prepare  tables  of  uniform  loads, 
representative  of  the  several  types  of  loads  accompanying  his  paper, 
as  an  inducement  to  railway  engineers  toward  the  adoption  by  them  of 
the  i)articular  txpe  best  suited  to  their  requirements.  If  this  pajier 
shall  result  in  calling  attention  to  the  needless  diversity  in  load  specifica- 
tions and  lead  to  a  general  adoption  of  standard  types,  it  will  have 
served  a  most  admirable  purpose,  and  lifted  from  the  shoulders  of  the 
engineers  of  the  bridge  companies  "a  burden  grievous  to  be  borne." 

The  employment  of  an  integral  number  of  feet  for  wheel  spacings 
is  an  undoubted  convenience.  The  weights  of  the  tenders  are, 
however,  too  light.  If  the  weights  on  each  axle  were  increased 
2  000  pounds,  the  resulting  weights  would  not  be  in  excess  of 
the  actual  weights  of  the  tenders  used  on  the  leading  railways 
in  the  vicinity  of  New  York.  The  neglect  to  specify  the  loading 
produced  by  the  heavier  eight-wheel  passenger  engines  is  an  indefen- 
sible omission.  It  is  not  always  possible  to  have  long  i^anels.  Ten 
and  12-foot  panels  are  unavoidable  sometimes,  and,  upon  stringers 
of  this  length,  the  maximum  strains  are  produced  by  the  drivers  of 
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tlie  passenger  locomotive.  To  cover  this  effect  it  is  not  necessary  to 
provide  two  distinct  sets  of  typical  loads,  but  only  to  specify  as  an 
additional  loading,  "80  000  or  100  000  pounds  on  two  axles,  8  feet 
apart,"  and  it  will  not  be  necessary  to  make  two  calculations  of  strains, 
as  the  effect  of  the  alternative  loading  is  felt  only  on  short  spans,  say 
under  12  feet. 

The  adoption  of  the  proper  live  load  is  a  question  worthy  of  con- 
sideration. The  constant  aim  should  be  to  construct  for  the  future 
and  not  to  meet  ijresent  requirements  only.  On  the  other  hand,  if  the 
live  load  is  taken  too  high  the  bridges  become  too  costly,  and,  with 
limited  expenditure,  it  is  not  always  possible  on  existing  lines  to  make 
all  the  renewals  as  fast  as  required,  or  on  new  lines  to  make  the  cost  of 
construction  come  within  reasonable  bounds.  The  live  loads  are  taken 
as  low  as  jjossible,  and  the  bridges  are  not  long  erected  before  the  in- 
crease in  the  weights  of  motive  power  and  rolling  stock  strains  them 
too  highly.  The  slight  difference  in  the  first  cost  of  bridges  built  for 
heavier  loads  is  not  j^roperly  api3reciated.  A.  single  track  bridge  of 
150  feet  span,  built  to  carry  the  live  loads  of  Class  X,  weighs  only  4 
per  cent,  more  than  a  bridge  of  the  same  sjjan  designed  for  carrying 
Class  Y  live  loads.  The  difference  in  weight  does  not  represent  the 
difference  of  cost  of  the  two  structures,  as  the  labor  in  the  shoj)  and  in 
the  erection  of  both  bridges  would  be  the  same. 

It  is  safe  to  say  that  the  difference  in  cost  of  bridges  built  to  carry 
any  class  of  the  live  loads  jaroijosed  in  Mr.  Waddell's  j^aper  would  not 
be  more  than  3^  per  cent,  greater  than  if  built  for  the  next  lighter  class. 
Class  Z  loading  seems  to  be  too  light,  as  there  are  few  railroads,  in 
these  times  of  heavy  motive  power,  that  have  not  in  use  or  contempla- 
tion locomotives  of  the  Class  Y  type,  and  it  does  not  seem  to  be  a  wise 
policy  to  build  bridges  for  lighter  loads  than  the  latter.  At  the  other 
limit,  it  scarcely  ajipears  to  be  a  judicious  outlay  to  provide  for  hea^der 
loads  than  the  Class  V  type.  Those  who  have  seen  the  enormous  con- 
solidation locomotives  with  140  000  pounds  on  the  drivers,  biiilt  for  the 
Union  Pacific  and  Northern  Pacific  railways  for  use  on  their  mountain 
grades,  can  appi-eeiate  this  limit.  The  general  adoption  of  such  motive 
power  would  require  the  almost  entire  reconstruction  of  the  road.  As 
it  is,  such  sj^ecial  locomotives  are  now  and  then  built  for  special  pur- 
l^oses,  and  used  over  small  jjortions  of  a  road,  on  which  the  bridges 
can  be  built  to  siiit  the  conditions. 

The  testing  of  mild  steel  under  many  conditions  and  its  siibjection 
to  all  kinds  of  rough  treatment,  has  convinced  the  writer  that  it  is  safe 
to  use  such  steel  with  the  same  i^rocesses  of  manufacture  as  are  in  vogue 
for  wrought  iron.  Unless  the  stool  is  of  very  high  tenacity,  the  precaution 
of  reaming  the  rivet  holes  is  not  noodod  much  more  than  it  is  for  iron, 
and  indeed  the  milder  grades  of  stool  show  less  injury  by  ijum-hiug 
than  does  wrought  iron.     In  either  metal  the  reaming  is  beneficial. 
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The  notion  that  mild  structural  steel  is  brittle  and  like  the  material 
used  for  tools,  is  being  graduallv  displaced  by  a  better  knowledge ;  and 
there  is  a  more  general  recognition  of  the  fact  that  the  structural  steel 
of  to-day,  produced  by  the  open  hearth  i)roeess,  is  not  properly  steel 
at  all,  but  more  or  less  a  homogeneous  -wrought  iron  in  which  the 
aliseuce  of  slag  and  cinder  prevents  the  development  of  fiber  in  the 
processes  of  rolling. 

A  thin  narrow  strip  of  soft  steel  with  a  hole  punched  in  it,  can  be 
bent  over  until  the  faces  are  nearly  in  contact,  without  cracking  through 
the  line  of  bend  which  passes  through  the  i)unched  hole.  This  can- 
not be  done  with  iron  excejjt  in  extremely  rare  instances.  The  time 
was  not  long  since  when  it  was  scarcely  thought  possible  to  produce 
steel  with  a  less  percentage  of  carbon  than  0. 30  per  cent.  Now  it  is 
easily  produced  wdth  only  0.12  per  cent,  or  less.  The  experiments  on 
the  injtirious  effects  of  punching  have  been  principally  made  upon  this 
higher  steel  and  very  few  uj^on  the  milder  steel  of  more  modern  produc- 
tion. More  extended  acquaintance  has  brought  increased  confidence 
in  the  capacity  of  mild  steel  for  structural  purposes,  and  there  is 
now  as  much  steel  iised  in  construction  with  the  same  process 
of  manipulation  as  wrought  iron,  as  there  is  reamed  and  jalaned. 

It  is,  however,  not  advisable  to  use  steel  of  high  ultimate  strength 
without  reaming  the  launched  holes.  The  limit  above  which  reaming 
should  be  required  should  be  placed  at  about  70  000  pounds.  Steel  of 
this  quality  will  stand  the  drifting  test  of  an  enlargement  of  50  per 
cent,  at  least,  and  the  writer  knows  of  steel  of  80  000  i^ounds  ultimate 
strength  which  has  withstood  an  enlargement  of  100  per  cent.  The 
drifting  test  is  a  valuable  adjunct  in  the  way  of  testing,  but  it  should 
not  be  made  the  final  test. 

The  formulas  suggested  by  Mr.  Waddell  permit  too  high  an  intensity 
of  working  stresses  in  short  spans.  There  seems  to  be  a  general  agree- 
ment in  the  results  obtained  from  the  best  specifications  to  allow  about 
10  000  pounds  per  square  inch  on  the  lower  chord  iron  eye-bars  of  spans 
of  from  125  to  150  feet.  Tests  of  full  size  steel  eye-bars  do  not  warrant 
the  assumption  of  more  than  25  per  cent,  excess  of  strength  over  iron 
eye-bars.  This  would  make  the  permissible  stress  in  the  bottom  chord 
bars  of  a  150-foot  span,  if  of  steel,  12  500  pounds  jDer  square  inch. 
Mr.  Waddell's  formula  would  permit  11  000  pounds  jjer  square  inch. 
Mr.  Cooper's  specification  Avould  permit  but  11  500  jjounds  per  square 
inch  on  the  same  bars,  and  this  latter  figure  is  certainly  not  too  Ioav  for 
such  short  spans,  where  rigidity  is  an  important  consideration,  and  im- 
pact an  important  factor. 

Henry  W.  Podge,  Jun.  Am.  Soc.  C.  E. — Mr.  Waddell's  jiaper  will 
doubtless  hi'lj)  to  advance  the  science  of  bridge  designing  to  a  nearer 
approach  to  that  uniformity  which  all  engineers  look  forward  to,  and 
the  suggestions  he  makes  will  be  most  eagerly  welcomed  by  all  those 
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unfortunates  Avliose  duties  compel  them  to  make  the  computations 
necessary  for  bridge  designs  under  modern  specifications.  That  wheel 
concentrations  are  an  unnecessary  refinement  and  a  source  of  much 
needless  labor,  all  engineers  are  agreed,  but  the  question  is  where  to 
draw  the  line  between  figiiring  with  wheel  concentrations  and  with 
uniform  load. 

In  the  writer's  opinion  it  is  undoubtedly  best  to  use  wheel  concen- 
trations for  stringers,  floor  beams,  long  verticals  and  such  secondary 
members,  also  for  plate  girder  spans;  as  any  one  can  readily  make  a 
table  of  exact  maximum  bending  moments  for  all  spans,  for  any  parti- 
cular engine,  in  two  or  three  hours,  which  is  good  for  all  time,  and  con- 
seqiTently  requires  no  labor  in  practical  use.  Furthermore,  such  a  table 
is  as  easily  i^repared  and  more  quickly  iised  than  Mr.  Waddell's  table  of 
equivalent  uniform  loads.  Siich  plate  girder  sjjaus  might  be  used  up  to 
75  feet,  as  Mr.  Waddell's  limit  of  90  to  100  feet  seems  rather  long  for 
practice.  Such  girders  become  too  deep  and  heavy  to  transi^ort,  besides 
requiring  several  covers,  and  this  latter  feature  is  objectionable,  as  Mr. 
"Waddell  points  out.  Wheel  concentrations  might  also  be  used  for 
lattice  girder  spans  uji  to  the  same  or  a  greater  length,  say  to  90  feet, 
but  for  all  sjaans  over  this  length  a  heavy  uniform  load  with  one  con- 
centration would  seem  to  answer  every  purpose. 

It  seems  to  be  going  from  one  refinement  to  another  to  change  from 
wheel  concentrations  to  a  uniform  load  varying  not  only  for  every 
length  of  span,  but  also  for  the  chords  and  webs  ;  and  as  one  of  the 
main  objects  of  any  change  is  to  simplify  the  routine  work  of  bridge 
computers,  let  it  be  simplified,  and  do  not  drop  one  burden  to  assume 
another,  as  Mr.  Waddell's  scheme  of  loading  would  do. 

Take  a  large  enough  load,  say  5  000  jjounds  per  linear  foot,  with  an 
additional  30  000  pounds  concentrated  at  any  point  for  spans  up  to 
125  feet,  and  4  000  pounds  j^er  linear  foot,  and  an  additional  30  000 
pounds  concentrated  at  any  point  for  spans  over  this  length.  These 
loads  are  now  in  use  by  the  Southern  Pacific  Railway  and  they  seem  to 
be  heavy  enough  to  cover  any  further  increase  in  live  load  that  may 
arise  in  the  near  future.  Doubtless  this  simple  loading  will  be  objected 
to  on  the  ground  that  it  is  not  exact  and  scientific;  but  those  wishing 
scientific  loading  had  by  all  means  better  use  wheel  concentrations,  as 
nothing  as  scientific  can  be  found,  and  the  only  object  of  the  change  is 
simplicity,  which  this  loading  gives  most  completely. 

Mr.  Waddell  calls  attention  to  the  indirect  effect  of  wind  loads,  and 
while  such  effects  would  seem  to  be  a  very  unnecessary  refinement,  yet 
if  they  are  to  be  considered  at  all,  one  of  the  most  important  ones  would 
doubtless  be  the  increased  load  on  the  windward  stringers  due  to  the 
overturning  effect  on  the  train,  amounting  to  about  300  pounds  per 
linear  foot  in  ordinary  cases;  yet  Mr.  Waddell  does  not  include  this  in 
liis  list  of  such  indirect  effects. 


DISCUSSION   OX    RAILWAY    BRIDGE    DESIGNING,  263 

It  ecrtainlT  seems  unnecessary  to  increase  the  general  allowance  for 
wind  pressures  of  150  jjoiinds  per  linear  foot  of  upper  chords  and  450 
pounds  per  linear  foot  of  lower  chords,  for  ordinary  spans,  or  to  add  one 
more  burden  to  the  computer  by  making  him  figure  the  area  of  his  truss 
to  get  some  equally  arbitrary  amount  derived  from  such  area.  That 
the  present  pressures  are  fully  sufficient,  seems  to  be  well  proven  by 
the  fact  that  there  are  many  old  railroad  bridges  standing  to-day,  having 
Avcathered  hundreds  of  storms,  Avith  laterals  of  one-quarter  the  strength 
required  by  modern  practice.  While  such  bridges  are  not  cited  as 
examples  of  good  engineering,  they  do  seem  to  prove  that  four  times 
thoir  lat(M-iil  stalnlity  should  certainly  be  safe. 

Mr.  Waddell's  floor  system  is  certainly  a  good  one,  but  if  willing  to 
incur  such  expense,  it  would  seem  better  to  use  a  buckle  plate  or  trough 
section  floor,  mth  ties  in  ballast,  which  woiild  be  very  little  more  ex- 
pensive if  maintenance  is  considered.  As  to  unit  stresses,  there  certainly 
seems  room  for  a  large  amount  of  simplification  in  modern  specifica- 
tions, as  most  of  them  attempt  to  split  hairs  under  this  head, 
whereas  the  true  strength  of  the  material  is,  to  a  large  extent,  uncer- 
tain. While  it  would  seem  that  our  English  fellow-engineers  have 
possibly  reached  an  extreme  position  in  their  ordinary  specifications  of 
"  comi)ression  n  tons  per  square  inch  :  tension  m  tons  per  square  inch," 
yet  a  nearer  ajiproach  to  such  delightful  simjilicity  would  certainly  be 
a  boon  to  bridge  designers. 

J.  A.  L.  Waddei^l,  M.  Am.  Soc.  C.  E. — In  beginning  this  resume  of 
the  preceding  discussions,  I  desire  to  express  to  the  gentlemen,  who 
have  contributed  thereto,  my  hearty  thanks  for  the  time  and  attention 
they  have  given  to  the  paper  and  for  their  valuable  additions  to  the 
literature  of  bridge  engineering. 

Without  their  contributions  my  paper  would  have  had  but  little 
effect ;  but  with  them  it  bids  fair  to  accomiilish  a  number  of  much 
needed  reforms,  and  to  effect  a  simplification  of  bridge  engineering 
practice,  all  of  which  will  be  clearly  set  forth  at  the  end  of  this  resume. 
Although  some  forty  members  of  the  Society  have  taken  part  in  the 
discussion,  making  it  jjrobably  the  most  thorough  and  exhaustive  that 
has  ever  been  given  to  any  of  the  Society's  papers,  nevertheless  it  is  to 
be  regretted  that  the  names  of  half  a  dozen  prominent  American  bridge 
engineers  are  conspicuous  by  their  absence. 

In  preparing  this  resume,  I  shall  take  up  the  various  subjects  treated 
in  the  paper  one  at  a  time,  in  the  order  in  which  they  there  appear,  and 
shall  make  cross-references  in  respect  to  the  discussions  by  inserting  in 
parentheses  the  numbers  of  the  pages  where  the  points  treated  are  to  be 
found,  at  the  risk  of  sijoiling  the  typogi-aphical  appearance  of  my  sec- 
ond contribution  ;  for  I  consider  that  such  cross-referencing  will  prove 
to  be  a  great  convenience  to  those  who  read  and  study  the  paper  thor- 
oughly. 
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Uniform  vs.  Concentrated  Loads. — It  is  a  matter  of  regret  to  me  that 
several  of  the  gentlemen  discussing  have  failed  to  appreciate  the  true 
intent  of  my  proposition  to  substitute  equivalent  uniformly  distributed 
loads  for  engine  concentrations  followed  by  uniform  car  loads.  If  they 
had  not  misunderstood,  they  Avould  surely  never  have  stated  that  there 
is  less  labor  involved  in  either  the  concentrated  wheel  load  method,  or 
the  locomotive  excess  method,  than  there  is  in  the  method  of  equivalent 
uniform  loads. 

If  it  be  remembered  that  it  is  my  desire  to  have  in  every  railway 
bridge  specification  a  diagram  or  diagrams  of  equivalent  uniformly  dis- 
tributed loads,  similar  to  those  contributed  by  Messrs.  A.  C.  Stites  and 
Lee  Treadwell  in  their  discussion  (page  257),  together  with  a  table  of 
constants  for  the  end  shear  formula,  or  perhajjs,  preferably,  another 
diagram  giving  end  shears  for  all  i)late  girder  spans,  and  to  have  it 
stated  distinctly  in  the  specifications  that  these  equivalent  loads  are  to 
be  used  exclusively  instead  of  engine  diagrams  for  all  plate  girders  and 
trusses  of  single  intersection ;  I  think  it  will  be  evident  that  what  I  jjro- 
pose  will  be  a  great  labor  saving  scheme.  Perhaps  the  misunderstand- 
ing is  partially  my  fault,  for  I  may  not  have  made  my  statements  as 
clear  as  is  desirable. 

Let  us  follow  rapidly  the  steps  that  it  will  be  necessary  for  a  com- 
puter to  take  in  finding  the  stresses  in  a  single  track  long  span  bridge 
with  broken  toja  chords,  when  using  diagrams  of  equivalent  uniform 
loads  similar  to  those  of  Messrs.  Stites  and  Treadwell. 

First. — In  proportioning  stringers,  find  from  the  diagram  the  eijuiv- 
alent  live  load  for  the  j^anel  length  adopted,  add  thereto  the  weight  per 
foot  of  two  stringers  and  the  track,  and  divide  the  sum  by  two,  calling 
the  quotient  w;  then  the  moment  will  be  |  w  L',  where  I  is  the  jDanel 
length. 

Second. — To  obtain  the  concentrated  load  on  a  floor  beam  at  the  point 
of  attachment  of  stringers,  find  the  equivalent  load  for  a  span  of  2L,  to 
it  add  as  before  the  weight  per  foot  of  two  stringers  and  the  track,  and 
divide  the  sum  by  two,  calling  the  quotient  w' ;  then  the  concentrated 
load  sotight  will  be  w/  L. 

Third. — To  find  the  dead  load  stresses  in  trusses,  assume  the  dead 
load  per  lineal  foot  per  truss  («"),  and  compiite  the  panel  dead  load, 
and  the  dead  load  reaction  at  each  pedestal,  then  by  a  single  graphical 
manipulation  find  the  chord  and  web  stresses  on  one-half  of  the  truss, 
checking  all  the  work  by  computing  analytically  the  top  chord  stress 
at  mid  si3an. 

Fourth. — To  find  the  live  load  stresses  on  chords  and  iucliuod  end 
posts,  take  from  the  diagram  the  equivalent  load  for  the  entire  si»in 
length  and  divide  it  by  two,  calling  the  (piotieut  «'",  then  set  a  slide 

rule  to  the  ratio  —7-  and  read  off  from  it  coutiuuously  (by  using  the 
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(load  load  stresses  previously  found),  all  the  live  load  stresses  in  chords 
and  inclined  end  posts. 

Fifth. — To  find  the  live  load  stresses  in  web  members,  assume  a  re- 
action of  10  000  pounds  at  one  pedestal  caused  by  a  load  (its  amount 
need  not  be  calculated)  at  the  first  panel  point  from  the  other  jjedestal, 
then  by  a  single  graphical  manii)ulation  ascertain  and  write  down  all 
the  web  stresses  produced  thereby  from  end  to  end  of  span.  Next  cal- 
culate the  shears  R^,  R,,  R,,,  and  at  the  head  of  the  train  for  all  positions 
of  the  same,  using  the  slide  rule.  Tables  of  such  shears  given  in  most 
text-books  on  bridges  will  shorten  these  calculations.  Then  with  the 
slide  rule  again  find  the  correct  web  stresses  by  the  following  propor- 
tion: as  10  000  pounds  is  to  any  one  of  these  shears,  so  is  the  cor- 
resjionding  diagonal  stress  just  found  to  the  correct  stress. 

Now  can  any  imaginable  method  be  simj^ler,  easier  or  prettier  than 
this  ?  I  doubt  it.  Contrast  it  with  the  long  and  wearisome  method 
by  engine  diagram,  involving  as  it  does  for  stringers  and  floor  beams 
the  shifting  of  wheels,  calculation  of  reactions  for  each  wheel  load  in 
order  to  obtain  total  reactions,  and  the  comjiuting  of  moments  from 
these  reactions  and  loads;  also  very  often  a  repetition  of  the  calcula- 
tions for  a  different  jjosition  of  wheels.  Then  when  it  comes  to  the 
trusses,  what  interminable  labor  is  involved  !  I  have  seen  a  good 
computer  of  one  of  our  largest  bridge  companies  calculate  the  shear 
on  the  lower  half  of  a  main  diagonal,  for  five  different  jiositions  of  the 
moving  load,  in  order  to  obtain  the  absolutely  greatest  value.  This 
was  before  Professor  DuBois  published  his  method  of  ascertaining  the 
position  of  wheels  for  maximum  shear  with  inclined  toj^  chords,  to 
which  reference  is  made  in  my  jsaper  (page  80),  and  which  Professor 
DuBois  himself  is  only  too  glad  to  acknowledge  to  be  extremely 
laborious  in  its  api^lication. 

For  such  a  bridge  as  the  one  assiimed,  the  time  required  for  com- 
jjuting  exact  maximiim  stresses  is,  as  stated  by  Mr.  Thacher  (page  139-), 
fully  ten  times  as  great  as  that  required  by  the  equivalent  uniform 
load  method;  and  for  the  most  simple  case  of  a  short  span  with  equal 
panels  and  parallel  chords,  I  am  convinced  that  I  am  understating 
the  case  in  my  paper  (page  79)  by  admitting  the  ratio  of  time  required 
for  the  two  methods  to  be  as  two  is  to  one. 

Now  comparing  the  method  of  using  a  uniform  car  load,  constant 
for  all  sjmn  lengths,  headed  by  a  concentrated  load,  or  the  more  ac- 
curate one  of  using  the  same  car  load  and  two  concentrated  loads 
separated  by  about  fifty  feet  or  two  ordinary  panel  lengths,  advocated 
by  Messrs.  Burr,  Swain,  Ricketts  and  others,  with  that  of  the  equivalent 
uniform  load,  we  mil  find  that  as  far  as  the  floor  system  is  concerned 
there  is  but  little  diflereuee  in  the  time  and  labor  for  the  two  methods; 
biTt  that  in  respect  to  the  trusses,  both  of  these  are  more  than  twdce  as 
gi-eat  for  the  former  method  as  for  the  latter.     This  is  evident  for  the 
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reason  that,  in  addition  to  making  all  the  calculations  indicated  in 
items  Nos.  4  and  5  in  the  previous  comparison,  it  is  necessary  to  find 
the  stress  in  every  chord  and  web  member  for  either  one  or  two  panel 
excess  loads,  which  in  itself  involves  more  labor  than  does  the  finding- 
of  the  stresses  by  equivalent  uniform  loads.  Moreover,  I  doubt  that 
the  method  of  constant  car  load,  combined  with  one  or  two  concentrated 
loads,  can  be  made  to  give  for  all  cases  as  correct  results  comi^ared 
with  the  theoretically  i^erfect  method,  as  will  that  of  the  equivalent- 
uniform  loads. 

A  proof  of  this  is  given  by  the  results  of  some  calculations  made  by 
Messrs.  Stites  and  Treadwell,  at  the  time  the  tables  given  on  pages- 
84^88  were  computed.  I  had  anticijiated  using  for  web  members 
a  uniform  car  load  with  two  engine  excesses  until  I  saw  the  results  of 
the  calculations  ju  st  mentioned.  The  following  table  gives  the  shears 
in  web  members  by  the  engine  excess  method,  and  a  comj^arison  of 
them  with  those  computed  by  the  theoretically  perfect  method,  also  a. 
comjjarison  of  the  percentages  of  error  for  this  case  and  that  of  the 
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eiiuivaleut  uniform  load  metliocl,  omitting  from  consideration  the  four 
panel  100-foot  span,  which  really  should  never  have  been  incorporated 
therein  because  of  several  objectionable  features,  more  especially  its 
unsightly  appearance.  The  only  reason  for  incorporating  it  was  to  till 
out  the  table;  for  every  100-foot  span  should  have  at  least  five  panels. 

By  comi3ai'ing  the  last  two  columns  it  will  be  seen  that  the  locomo- 
tive excess  method  for  web  members  always  gives  an  error  on  the  side 
of  safety,  and  that  these  errors  are  much  larger  than  those  given  by 
the  equivalent  uniform  loads.  Taking  the  average  of  said  errors  we 
find  that  for  the  locomotive  excess  method  to  be  7.34  per  cent,  on  the 
side  of  safety,  while  that  for  the  equivalent  uniform  load  method  is  a 
trifle  less  than  1  per  cent.,  also  on  the  side  of  safety. 

Time  will  not  permit  me  to  compute  the  errors  in  chord  stresses  by 
the  use  of  the  locomotive  excess  method  ;  but  I  feel  quite  certain  that 
the  results  would  show,  as  in  the  case  of  the  diagonals,  the  errors  all  to 
be  upon  the  side  of  safety,  but  by  no  means  as  great  as  those  for  said 
diagonals.  Mr.  Treadweli  has  figured  by  the  locomotive  excess  method 
the  moments  for  the  200-foot  span,  which  can  be  taken  as  an  average 
case,  and  finds  that  the  gx'eatest  error  is  4.64  percent,  and  the  least  1.68 
per  cent.,  all  errors  being  on  the  side  of  safety,  and  the  average  error 
being  3.53  per  cent.  For  the  equivalent  uniform  load  the  greatest 
errors  are  1.45  per  cent,  on  the  side  of  safety  and  2.14  per  cent,  on  the 
side  of  danger,  the  average  being  0. 16  per  cent,  on  the  side  of  danger. 

The  large  errors  in  chord  stresses  by  the  locomotive  excess  method 
are  due  partially  to  the  fact  that  in  this  method  cars  j^recede  as  well  as 
follow  the  locomotives,  while  in  the  engine  diagram  method  there  are 
no  cars  ahead  of  the  engines.  In  my  opinion,  as  cars  ahead  of  engines 
are  an  unusual  load,  and  when  they  are  found  there,  the  chances  are 
that  some  of  the  cars  are  not  loaded  up  to  the  limit  of  the  specifica- 
tions, it  is  well  to  ignore  such  unusual  loading. 

Mr.  Treadweli  finds  that  with  Cooper's  Class  A  as  a  standard,  the 
engine  excess  in  order  to  give  exact  agreement  for  plate  girder  sj^ans, 
should  vary  from  11  300  pounds  to  23  600  pounds,  the  average  being 
20  000  pounds.  Adopting  the  latter,  the  greatest  percentages  of  error 
would  be  5.24  danger  and  5.39  safety.  For  floor  beams  he  finds  the 
average  concentration  to  be  20  700  pounds,  with  extreme  errors  of  4.12 
per  cent,  danger  and  4.11  per  cent,  safety.  But  if  20  000  pounds 
be  adopted  as  the  proper  concentration,  the  last  mentioned  errors 
would  be  5.16  per  cent,  and  3.58  per  cent,  resijectively.  These  figures 
show  very  plainly  that  the  method  of  using  a  constant  uniform  car  load 
with  two  engine  excesses,  as  far  as  the  trusses  are  concerned,  cannot 
be  made  to  give  stresses  approximating  to  the  theoretically  exact 
stresses  as  closely  as  can  the  method  of  equivalent  uniform  loads. 

Again,  it  is  evident  that  a  single  concentration  at  the  head  of  a  train 
Avill  not  give  as  close  an  agreement  as  will  two  concentrations  separated 
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by  two  ordinary  average  panel  lengths,  for  the  latter  method  distributes 
the  load  more  nearly  in  accordance  with  the  actual  distribution.  It  is 
true  that  the  concentration  at  the  head  of  the  train,  need  not  equal  the 
difference  between  the  total  weight  of  two  locomotives  with  their  ten- 
ders and  the  weight  found  by  multiplying  the  extreme  length  of  said 
two  locomotives  and  tenders,  coiipled,  by  the  car  load  i^er  linear  foot, 
although  such  a  method  would  be  considered  by  most  engineers  to  be 
the  proper  one;  but  it  is  more  than  likely  that,  if  the  single  concentra- 
tion were  adjusted  so  as  to  give  for  all  truss  members  the  best  average 
in  respect  to  theoretical  correctness,  the  errors  would  be  greater  than 
those  found  by  using  equivalent  uniform  loads,  and  that  the  errors  for 
the  floor  system  would  be  still  greater. 

My  opinion  of  the  single-concentration-with-constant-car-load  sys- 
tem is,  that  it  could  be  used  advantageously  as  a  standard,  if  deviations 
on  the  side  of  safety  of  considerable  amount  be  not  deemed  objection- 
able; but  that,  to  replace  any  particular  standard  load  of  two  engines 
followed  by  a  constant  car  load,  it  is  inapjjlicable.  Certainly,  as  far  as 
simi)licity  and  saving  of  labor  are  concerned,  it  is  much  preferable  to 
the  engine  diagram  system.  But  why  adopt  it  when  there  is  another 
method  that  is  about  twice  as  simple  of  application  and  gives  results 
agreeing  much  more  closely  with  the  theoretically  correct  ones? 

An  objection  that  may  be  raised  to  my  proposed  equivalent  uniform 
loads  is,  that  chief  engineers  and  bridge  engineers  of  railroads  will  not 
adopt  them;  but  it  is  hardly  fair  to  assume  that  these  gentlemen  are 
unreasonable  and  unwilling  because  of  a  little  extra  trouble,  to  concede 
a  point  that  is  evidently  for  the  general  good.  I  purpose  making  it 
my  business  to  communicate  in  the  near  future  with  all  of  these  gentle- 
men whose  names  are  given  in  Poor's  Manual,  so  as  to  obtain  their 
views  on  this  and  one  or  two  other  jjoints. 

I  would  say  here  that  the  i^reijaration  of  diagrams  giving  equiva- 
lent uniformly  distribiited  loads  for  all  spans — and  end  shears  on  plate 
girders,  to  correspond  to  any  proposed  standard  train  load— involves 
by  no  means  a  great  amount  of  labor,  and  that  they  can  be  furnished 
by  any  expert  bridge  engineer  for  a  small  fee.  One  who  has  made  a 
number  of  such  diagrams,  can  easily  make  others  by  finding  a  few 
points  on  the  new  curve  and  tising  a  previously  found  curve  for  a  sim- 
ilar load  as  a  guide.  Where  the  plotted  points  show  slight  irregulari- 
ties, it  is  much  more  scientific  to  draw  a  curve  of  some  regularity 
without  deviating  from  them  essentially  than  it  would  be  to  follow  the 
variations;  for  the  latter  are  due  to  peculiar  relations  between  the  span 
lengths  and  the  wheel  si^acings,  which  would  not  exist  for  slightly 
different  engines.  I  have  called  attention  to  this  in  the  paper,  but  do 
so  again  here  on  account  of  its  importance. 

Answering  Mr.  Thomas  H.  Johnson  (page  113),  I  would  suggest 
that  it  is  not  quite  fair  to  condemn  the  equivalent  load  method  because 
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the  shear  ou  a  counter  for  a  100-foot  span  through  bridge  having  only 
four  i)auels  (a  structure  which,  as  before  stated,  should  never  be  built, 
and  which  was  emploved  in  the  table  merely  for  the  sake  of  continuity) 
involves  an  error  of  20  jjer  cent,  {ride  paj^^e  88).  If  we  discard  the 
100-foot  span  from  the  tables,  we  find  that  the  errors  for  counter 
stresses  vary  from  1.26  per  cent,  safety  to  12.66  per  cent,  safety,  the 
greater  errors  being  always  in  the  smaller  countei's.  Are  not  such 
errors  in  the  method  an  excellent  fault?  What  practical  engineer  is 
there  who  proportions  light  counters  for  the  stresses  shown  on  the 
strain  sheet,  even  in  competition? 

If  we  leave  out  of  consideration  the  counters  as  well  as  the  entire 
100-foot  span,  we  find  that  the  greatest  errors  in  chords  and  diagonals 
are  2.21  per  cent,  danger  and  2.76  per  cent,  safety,  the  averages  being 
aijproximately  1.8  per  cent,  danger  and  1.2  per  cent,  safety,  and  the 
average  for  all  members  of  all  structures  only  0.3  per  cent,  danger. 
Surely  these  errors  are  small  enough  in  all  conscience,  and  be  it 
remembered  that  they  cover  all  stresses  in  main  members  (counters 
excejited),  for  all  sjsans  from  150  to  300  feet. 

Still  rei^lying  to  the  same  gentleman,  I  would  state  that  the  shear 
formula  or  diagram  for  i)late  girder  spans  will  rarely  be  used  by  com- 
puters, who  always  endeavor  to  have  an  excess  of  section  in  web  jjlates. 
It  is  only  in  the  case  of  shallow  girders,  or  middle  girders  for  double 
track  structures,  that  the  Avebs  need  to  be  tested  for  shear. 

Professor  Eddy  writes  (page  138)  as  follows  :  "But  in  short  spans, 
and  in  stringers  and  other  details  of  long  spans,  where  the  wheel  concen- 
trations exert  a  more  preponderating  influence,  I  am  led  to  believe  that 
it  will  still  continue  to  be  required  that  the  designer  and  comjiuter  shall 
take  account  of  the  wheel  concentrations,  however  much  he  may  disKke 
the  work,  or  however  certain  he  may  be  in  his  own  mind  that  it  involves 
unnecessarv -labor. "  If  Professor  Eddy  will  study  the  equivalent  load 
system,  he  will  find  that  for  stringers,  floor  beams,  etc.,  it  gives  results 
which  are  practically  exact  (excepting  the  shear  formulas  or  diagrams 
that,  as  before  stated,  need  hardly  ever  be  used),  and  that  the  errors 
involved  occur  iu  the  trusses. 

Mr.  Fulton's  method  (page  199)  of  plotting  the  loads  and  sj^ans  in 
order  to  find  actual  concentrations  at  i:)anel  ^joints  is  antiquated  and 
extremely  laborious,  and  is  justiflable  only  in  case  of  a  double  system 
of  cancellation. 

Mr.  Douglas'  calculations  (page  205)  do  not  militate  at  all  against 
the  equivalent  uniform  load  method,  as  said  method  is  not  ai3i3licable 
to  trusses  having  multiple  systems  of  cancellation.  It  merely  affords 
another  corroboration  of  my  objection  to  the  Whipple  truss  as  being 
uneconomical  as  well  as  unscientific.  Where  two  heavy  concentrations 
are  thrown  upon  one  system,  as  in  this  case,  there  is  e\ddently  a  want 
of  economy  in  the  design. 
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Mr.  Hodge  (page  2G2)  does  uot  understand  the  proposed  equivalent 
uniform  load  method,  for  it  is  really  correct  for  "  stringers,  floor  beams, 
long  verticals,  and  such  secondary  members  ;  also  for  jilate  girder 
spans."  By  adopting  it  the  engineer,  who  jDrepares  the  sj)ecifications, 
in  furnishing  equivalent  uniform  load  diagrams  saves  for  bridge  com- 
puters for  all  time  to  come,  the  useless  labor  involved  in  dealing  with 
wheel  loads. 

Mr.  Hodge's  i^roposed  moment  table  is  no  more  easily  used  than 
my  diagram  ;  for  he  has  to  compute  the  dead  load  moment  by  the 
formula  31=  ^  w'  1},  and  add  it  to  the  moment  given  by  his  diagram  ; 
while  I  add  the  equivalent  load  w  given  by  my  diagram  to  the  dead 
load  w'  making  the  sum  =  «'",  and  obtain  the  moment  by  the  equation 
M=^\w"  I}.  Mr.  Hodge  is  mistaken  in  stating  that  the  equivalent 
uniform  load  must  vary  for  chords  and  webs  ;  for  I  give  but  one  equiva- 
lent load  for  each  span  length. 

I  would  like  to  call  the  reader's  attention  to  Prof.  Du  Bois' 
pointed  and  forcible  remarks  uiaon  the  subject  of  uniform  vs.  concen- 
trated loads  (pages  154^156). 

Of  the  forty-two  gentlemen  who  have  contributed  to  the  discussion 
of  this  paper,  four  have  not  touched  at  all  upon  the  subject  of  live 
loads,  and  seven  more  have  exj^ressed  no  decided  preference  for  any 
of  the  three  systems.  Of  the  remaining  thirty-one,  sixteen  are  in  favor 
of  the  equivalent  uniform  load  system,  eight  are  in  favor  of  the  loco- 
motive excess  system,  and  seven  are  in  favor  of  the  engine  diagram 
system.  It  is  fair  to  assume,  therefore,  that  the  engineering  profession 
is  tired  of  the  engine  diagram  system,  and  is  prepared  to  adopt  either 
the  equivalent  uniform  load  system,  or  the  locomotive  excess  system, 
the  preference  being  decidedly  in  favor  of  the  former. 

Now,  I  am  going  to  ask  all  of  the  forty-two  contributors  to  the  dis- 
cussion, to  be  so  kind  as,  after  reading  carefully  all  that  has  been  said 
uijon  the  subject,  to  vote  upon  the  question  as  to  which  of  the  three 
methods  they  finally  favor,  and  to  this  end  I  shall  ere  long  communi- 
cate with  each  of  them. 

To  the  gentlemen  who  have  advocated  the  locomotive  excess  method 
I  would  say  that  all  of  the  rather  limited  calculations  which  I  have 
been  able  to  make,  induce  me  to  conclude  that  it  is  imx)ractieable  to 
find  such  a  leading  concentrated  load  as  will  give  results  for  l)oth  floor 
system  and  trusses,  which  will  agree  at  all  closely  with  the  theoretic- 
ally correct  results  obtained  by  the  engine  diagram  method;  and  that 
the  equivalent  uniform  load  method  does  give  such  an  agreement  close 
enough  for  all  practical  jjurposcs,  jirovided  that  multiple  systems  of 
cancellation  be  not  used.  The  onus  is  now  on  them  to  show  that  I  am 
mistaken,  and  that  the  locomotive  excess  method  does  give  an  agree- 
ment with  theory  that  is  close  enough  for  all  practical  puri)oses. 

Be  it  remembered,  though,  that  I  do  not  claim  such  agreement  to  be 
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essential,  for  a  iiuiform  car  load  preceded  by  a  single  concentrated  load 
can  be  used  as  a  standard  instead  of  a  uniform  car  load  preceded  by 
two  engines.  I  think,  however,  that  most  railroad  engineers  would 
prefer  to  adhere  to  the  latter  as  a  standard,  and  use  instead  the  eipiiva- 
lent  uniform  loads  for  all  ordinary  cases,  rather  than  to  adopt  a  load 
that  does  differ  considerably  in  its  effects  from  those  loads  to  which 
bridges  are  apparently  subjected.  I  hope  that  the  gentlemen  who  have 
advocated  the  locomotive  excess  method,  and  perhaps  even  some  of 
those  who  advocated  the  engine  diagram  method,  will  conclude  to  vote 
for  the  equivalent  uniform  load  method  after  reading  my  explanations 
as  to  what  that  method  really  is,  and  what  a  great  amount  of  labor  it 
saves. 

There  is  surely  no  valid  objection  to  a  man's  changing  his  opinion; 
and  I  think  that  the  remainder  of  this  resume  will  show  that  I  am  quite 
ready  to  change  mine  when  either  jiroven  in  the  wrong,  or  when  some- 
thing better  than  mine  is  offered.  To  begin  with,  in  respect  to  the 
theory  of  floor-beam  concentrations,  I  am  quite  ready  to  cry  pectv/iu', 
the  more  so  as  my  friend  Professor  Du  Bois  lets  me  down  so  gently; 
but,  although  an  acknowledged  "  sinner,"  I  am  by  no  means  a  repentant 
one,  for  I  am  Avell  pleased  to  have  made  the  oversight,  because  of  the 
attention  that  has  been  called  to  an  imjiortant  fact  which  was  not  gener- 
ally known  by  the  engineering  jjrofession. 

The  Proper  Live  Loads  for  Modern  Bridge  Specifications. — Answer- 
ing Mr.  Thomas  H.  Johnson  (page  113),  I  would  state  that  for  roads 
with  comparatively  light  grades  the  growths  of  weights  of  engines  and  of 
cars  ajipear  to  have  kept  pace  with  each  other  fairly  well ;  but  for  moun- 
tain roads  the  engine  weight  is  greater  in  proportion  to  the  car  weight 
than  my  proposed  standards  give,  hence  said  standards  would  not  apply 
to  mountain  lines.  I  fear  that  the  general  managers  of  railroads 
throughout  the  United  States  would  at  present,  and  with  good  reason, 
object  seriously  to  paying  for  bridges  designed  for  a  car  load  of  4  000 
pounds  per  linear  foot,  excejiting  those  on  the  great  trunk  lines.  My 
proposed  standards  give  railroad  men  a  choice  of  loads,  and  if  none  of 
them  suit,  let  their  engineers  adojit  others,  but  furnish  with  their 
specifications  diagrams  of  equivalent  uniform  loads  similar  to  those 
given  by  Messrs.  Stites  and  Treadwell  in  their  discussion.  At  the  same 
time  I  believe  it  would  be  advisable  to  modify  my  standards  so  as 
to  include  loads  for  mountain  lines,  but  reducing  the  total  number  of 
standards  to  a  minimum. 

It  is  my  intention,  when  communicating  with  the  chief  engineers 
and  bridge  engineers  of  railroads,  as  mentioned  in  the  beginning  of 
this  resume,  to  consult  with  them  as  to  what  standards  they  desire,  so 
as  to  endeavor  to  prepare  a  set  of  standards  that  w  ill  satisfy  the  large 
majority  of  railroad  engineers. 

On  account  of  certain  statements  made  in  several  of  the  discussions, 
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I  desire  to  adopt  the  following  loads  concentrated  on  two  pairs  of 
■wheels  sjjaced  seven  feet  centers,  to  be  used  only  for  stringers,  floor 
beams  and  i^rimary  truss  members  with  their  connecting  details,  when 
the  panel  lengths  are  less  than  15  feet,  and  to  incorporate  the  results 
in  the  diagrams  of  equivalent  uniform  loads  and  of  end  shears  in  jjlate 
girders. 

Class  Z 75  000  pounds. 

Class  Y 80  000 

Class  X 85  000 

Class  W 90  000 

Class  V 95  000 

Class  U 100  000 

Amounts  of  Wind  Pressure. — ^I  endorse  heartily  Mr.  Lindenthal's 
remarks  (page  126)  to  the  effect  "that  the  lateral  bracing  of  the  bridge 
is  more  often  and  more  .severely  strained  by  the  lateral  blows  from 
swiftly  moving  engines  and  cars,  causing  lateral  vibration,  than  from 
the  wind  itself,"  and  would  suggest  that  if  the  series  of  tests  of  actual 
intensities  of  working  stresses  hereinafter  i3roj)osed  be  carried  out, 
said  effects  of  live  loads  on  lower  lateral  systems  be  determined. 

Answering  Mr.  Bouscaren  (page  176),  a  pressure  of  50  pounds  per 
square  foot  on  the  empty  structure  is,  as  shown  by  Mr.  Thacher  (page 
142),  sufficient  to  buckle  the  bottom  chords  of  nearly  any  single  track 
pin-connected  bridge  in  this  country.  It  is  much  better  to  make  the 
specified  wind  pressure  Ioav  and  proportion  properly,  letting  the  struc- 
tures take  their  chance  of  being  struck  by  a  cyclone,  rather  than  to 
adopt  a  wind  pressure  that  would  necessitate  stiff"  bottom  chords  for 
most  bridges  without  giving  any  assurance  of  safety  in  said  cyclone. 

Mr.  Osborn  (page  213)  is  right  in  stating  that  it  is  a  nuisance  to 
have  to  figure  the  wind  jaressure  on  bridges,  and  that  some  simjile 
formula  ought  to  be  provided.  Mr.  F.  H.  Lewis,  in  a  most  valuable 
and  interesting  pajjer  on  "Soft  Steel  in  Bridges, "  presented  to  the 
Engineers'  Club  of  Philadeljjhia,  gives  the  folloAving:  "The  bottom 
lateral  bracing  in  deck  bridges  and  the  top  lateral  bracing  in  through 
bridges,  must  be  proportioned  to  resist  a  uniformly  distributed  lateral 
force  of  150  pounds  per  linear  foot  of  bridge  for  all  spans  of  200  feet 
and  under,  and  an  addition  of  10  pounds  jjer  linear  foot  for  every  25 
feet  increase  in  length  of  span  over  200  feet."  "The  bottom  lateral 
bracing  in  through  bridges  and  the  top  lateral  bracing  in  deck  bridges 
must  be  proportioned  to  resist  a  uniformly  distributed  force  the  same 
as  above,  and  an  additional  force  of  300  pounds  per  linear  foot  of 
bridge,  which  will  be  treated  as  a  moving  load."  Provided  there  be 
no  screens  or  hand-rails,  the  specification  quoted  will  answer,  but 
otherwise  I  would  prefer  to  adhere  to  the  method  given  in  my  paper 
(page  91). 
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Answering  Mr.  Skinner  (page  219),  I  would  state  that  it  is  not 
customary  to  consider  impact  in  wind  loads,  for  the  reason  that  the 
latter  as  assumed  are  of  rare  occurrence,  and  are  amjile  in  every 
respect. 

Effects  of  Wind  Pressure. — Referring  to  Mr.  Douglas'  remark  (page 
206),  viz.,  "It  does  not  seem  necessary  for  the  railroad  comjDany  to  tell 
the  contractor  how  to  compute  the  stresses.  The  latter  is  supposed  to 
know  that  " — I  would  reply  that  such  is  exactly  what  the  contractor 
does  need  to  he  told,  and  in  most  cases  what  he  wants  to  be  told,  as  is 
evidenced  by  Mr.  Cowles'  remarks  on  pages  164  and  165. 

Rei)lying  to  Mr.  Hodge  (page  262),  my  reason  for  not  considering 
the  transferred  load  (amounting,  as  he  states,  to  300  j)ounds  per  linear 
foot)  on  the  leeward  stringer  is  because  such  a  load  is  rare,  and  there- 
fore its  effect  should  not  be  considered  unless  the  amount  thereof  ex- 
ceed say  25  jjer  cent,  of  the  live  and  dead  load,  which  it  does  not.  To 
be  perfectly  consistent,  however,  one  should  take  into  account  the  load 
transferred  to  the  leeward  truss  by  the  wind  pressure  upon  the  train  in 
finding  the  truly  greatest  stress  that  can  come  upon  the  leeward  bottom 
chord.  For  single  track  bridges  it  will  amount  to  no  more  than  200 
pounds  per  linear  foot,  while  the  transferred  load  from  wind  pressure 
on  trusses  varies  from  300  pounds  to  700  pounds  i^er  linear  foot.  This 
difference  between  the  two  transferred  loads,  however,  must  be  noted  : 
the  former  acts  simply  as  an  increase  to  the  dead  load,  while  the  latter 
causes  an  increased  reaction  on  the  leeward  pedestals  and  a  constant 
stress  from  end  to  end  of  bottom  chord,  as  explained  on  pages  91  and 
92.  Decidedly,  the  transferred  load  on  the  leeward  bottom  chord  from 
■wind  i^ressure  on  a  train  should  not  be  ignored. 

Sli/les  and  Propoi-tions  of  Bridges. — Replying  to  Mr.  Thomas  H. 
Johnson  (page  114)  and  Mr.  Snow  (pages  157  and  158)  on  the  subject 
of  pony  truss  bridges,  I  would  state  that  while  I  would  not  condemn 
an  existing  structure  merely  because  it  is  a  pony  truss  bridge,  still  I 
would  be  quite  suspicious  of  it,  and  in  no  case  would  I  design  one,  un- 
less, ijerhajis,  it  be  of  the  style  mentioned  by  Mr.  Swift  on  page  222. 
The  general  oj^inion  of  engineers  concerning  pony  trusses  is  that  their 
construction  should  be  relegated  to  the  jjast. 

The  limiting  length  of  plate  girder  spans  api^ears  to  be  still  a  dis- 
puted j)oint  ;  and  it  is  evident  that  railroad  and  bridge  engineers 
desire  to  make  it  as  great  as  practicable,  while  manufacturers  (who 
have  all  the  trouble  of  loading,  shipping  and  erecting)  prefer  to  keep 
it  doAvn  to  aboiit  70  or  80  feet.  Mr.  Snow's  deck  i)late  girder  bridge 
described  on  page  158  may  be  a  very  good  one,  but  it  is  unnecessarily 
expensive,  as  would  be  discovered  by  the  general  manager  of  any  line 
of  road  who  would  try  the  experiment  of  building  such  structures. 

Answering  Mr.  Thos.  H.  Johnson  (page  11-4)  and  others,  my  reasons 
for  using  sub-struts  instead  of  sub-ties  in  divided  panels  are  : 


274  DISCUSSION    ON    RAILWAY    BRIDGE    DESIGNING. 

First.  — The  former  cari'y  the  loads  more  directly  to  the  piers,  and 

Second. — As  they  have  fully  twice  the  area  given  to  the  sub-ties,  they 
permit  of  only  one-half  of  the  deflection  of  the  toi>  chord  at  the  middle 
of  the  long  laanel.  As  for  ambiguity  of  stress  in  the  counter-braced 
panels,  I  would  state  that  it  is  my  custom  to  proportion  all  members 
in  and  about  these  jsanels  so  that  the  stress  can  travel  by  either  the 
sub-strut  or  the  counter  ;  and  I  contend  that  this  is  good  practice,  for 
the  reason  that  the  members  in  such  places  are  generally  light  enough, 
in  all  conscience. 

In  answer  to  Mr.  Swift's  remark  on  images  221  and  222  concerning 
thickness  of  connecting  plates  in  lattice  girders,  I  would  state  that  it  is 
my  latest  practice  to  make  such  plates  comparatively  thin  and  large, 
and  to  use  an  apparently  excessive  number  of  rivets,  connecting  both 
legs  of  every  web  angle  iron  to  the  plate,  and  employing,  when  prac- 
ticable, the  built  star  section  for  all  diagonals  and  verticals. 

Prof.  Swain  (page  120)  advocates  the  use  of  suspended  floor  beams. 
In  certain  cases  of  very  shallow  floors  they  would  be  advantageous, 
provided  they  be  properly  stayed,  and  that  plate  hangers  be  used. 
These,  however,  necessitate  pins  of  large  diameter,  which  may  be 
objectionable  in  small  bridges.  As  a  shallow  floor  is  a  feat^^re  in 
bridge  designing  that  it  is  desirable  to  avoid  when  possible,  we  may 
conclude  that  suspended  beams  should  be  used  in  special  cases  only. 

Much  to  my  regret,  but  little  has  been  said  about  riveting  floor 
beams  to  posts.  The  detail,  although  it  may  not  be  theoretically 
scientific,  is,  nevertheless,  a  good  one  for  beams  of  ordinary  depth. 
Should  in  the  future  the  top  connecting  rivets  wear  loose,  they  can  be 
readily  reislaced,  and  no  harm  will  be  done,  provided  there  always 
remain  an  ample  number  of  rivets  to  take  up  the  shear. 

But  little  has  been  said  about  the  advisability  of  increasing  clear 
roadways  so  as  to  provide  8  feet  between  the  center  line  of  the  nearer 
track  and  the  innermost  portion  of  the  truss.  A  number  of  well  known 
railroad  engineers  have  lately  expressed  to  me  their  approval  of  the 
projjosed  change. 

Mr.  Buck,  on  page  134,  writes  thus  :  "But  there  is  no  economy  in 
attemi^ting  to  make  the  bar  act  as  a  beam  in  sustaining  its  own  weight. 
The  nearer  it  can  come  to  assuming  the  catenary  due  to  its  own  weight 
and  the  tensile  stress  ujion  it,  without  acting  as  a  beam,  the  better."  I 
am  glad  that  Mr.  Buck  has  taken  this  stand,  for  the  point  is  one  that 
needs  attention,  and  I  hope  it  Avill  soon  receive  it  at  the  hands  of  bridge 
engineers.  In  my  opinion,  the  idea  advanced  is  erroneous,  and  I  am 
strongly  opposed  to  the  use  of  long,  light,  shallow  eye-bars  in  bridges, 
if  for  no  other  reason  than  because  of  their  sag  (which  is  often  ajiparent 
to  the  eye)  and  their  vibration. 

Mr.  Buck  states,  on  the  same  page,  that  it  is  ajsparently  impossible, 
where  eye-bars  are  used  for  bottom  chords,  to  have  the  axes  of  the 
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lateral  diafrouals  pass  tliroiigU  the  intersections  of  tlie  axes  of  posts  and 
chords.  Mr.  Skinner  (page  220)  ajjpears  to  agree  ^vith  Mr.  Buck  in  this 
opinion.  Time  and  space  do  not  permit  me  to  descril)e  here  the  method 
of  accomplishing  this  desideratum  ;  but  I  have  in  my  office  drawings  for 
the  Pacilic  Short  Line  Bridge,  which  is  to  cross  the  Missouri  liiver  at 
Sioux  City,  Iowa,  in  which  the  "focusing  of  all  lines  of  strain  at  an 
absolute  point  at  the  center  of  a  main  truss  lower  chord  connection  " 
is  effected  perfectly. 

In  my  opinion,  the  results  given  by  Mr.  Osborn  (page  213)  concern- 
ing stresses  in  eye-bars  because  of  their  own  weight,  are  not  satisfac- 
tory, for  the  reason  that  he  has  ignored  the  reverse  bending  moment, 
which  is  equal  to  the  direct  pull  multiplied  by  the  deflection.  Pro- 
fessor Johnson  (pages  136-138)  takes  this  into  account,  but  at  the  same 
time  makes  an  assumption  which  I  do  not  think  is  warranted,  viz. ,  that 
the  deflection  v  is  the  same  when  there  is  direct  tension  on  the  bar  as  it 
would  be  if  there  were  none.  iNIy  method  of  settling  this  point  would 
be  to  place  a  number  of  bars  of  various  lengths  and  sizes  in  a  testing 
machine,  subject  them  to  various  pulls  (P),  and  to  measure  with  great 
accuracy  the  actual  values  of  the  deflection  [v),  then  substitute  for  P 
and  V  in  Professor  Johnson's  equation  3  (page  137)  and  solve  for/.  My 
table  of  limiting  sizes  of  eye-bars  (page  96)  was  determined  partially 
by  some  rather  crude  calculations,  and  partially  by  practical  experi- 
ence and  judgment. 

There  seems  to  be  considerable  difference  of  opinion  in  respect  to 
the  i3roiDer  spacing  of  stringers,  which  would  be  hard  to  reconcile  ;  but 
there  is  nothing  in  the  discussion  to  cause  me  to  change  my  opinion 
that  the  best  distance  between  stringers  is  8  feet.  Perhaps  the  ulti- 
mate solution  of  the  question  will  be  the  entire  abandonment  of  wooden 
floors  and  the  substitution  of  corrugated  metal  with  ballast  thereon,  in 
which  case  the  distance  between  stringers  would  be  dependent  upon 
the  size  and  strength  of  the  corrugated  plate.  The  principal  objec- 
tions to  this  style  of  floor  are  its  liability  to  rust  and  its  excessive 
weight.     The  latter  would  api^ly  principally  to  long  spans. 

Answering  Mr.  Nichols'  question  (page  227)  concerning  the  spacing 
of  guard  rails  in  my  proposed  floor  system,  the  distance  from  the  center 
of  track  to  the  center  of  outer  guard  rail  is  4  feet,  leaving  about  14 
inches  clear  between  the  head  of  the  rail  and  the  outer  guard,  and  the 
corresi^onding  clearance  for  the  inner  guard  is  7  inches.  The  question 
as  to  whether  pine  or  oak  shoiild  be  used  for  ties  and  guards  is  still 
unsettled,  but  the  general  disposition  seems  to  be  to  favor  yellow  pine. 

I  am  glad  to  have  my  remarks  on  the  exclusive  use  of  steel  for 
bridges  endorsed  by  so  high  an  authority  as  Mr.  Burr,  although  Mr. 
Thacher,  another  high  authority,  differs  with  us  both  on  several 
imjjortant  i^oiuts.  Mr.  Lewis'  paper  on  "Soft  Steel  in  Bridges,"  before 
referred  to,  throws  a  good  deal  of  light  upon  the  subject.     It  is  to  be 
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hoped  tliat  the  discussion  of  this  important  matter  will  1)6  continued, 
although  if  it  is  not,  the  efiect  in  my  opinion  will  be  only  a  very  short 
delay  in  the  abandonment  of  wrought  iron  for  bridges.  I  am  in  favor 
of  using  medium  steel  for  all  parts  of  bridges,  excepting  for  rivets,  for 
which  I  would  use  soft  steel.  Answering  Messrs.  Gates  and  J.  M. 
Johnson,  I  would  state  that  I  failed  to  specify  the  grade  of  steel  for 
two  reasons  ;  first,  medium  steel  was  understood,  as  that  is  what 
nearly  all  bridge  builders  are  now  using;  and,  second,  my  paper  was 
not  intended  (and,  in  fact,  was  not  jaermitted)  to  be  a  specification. 

Intensities  of  Working  Stresses. — In  respect  to  this  subject  it  appears 
that  we  ai"e  all  at  sea;  and  we  are  liable  to  remain  there  until  such 
time  as  the  much  needed  experiments  on  actual  intensities  of  working 
stresses,  that  I  have  been  advocating  for  years,  be  made,  after  which 
we  shall  be  able  to  determine  upon  a  system  of  intensities  that  will  be 
logical.  Meanwhile  we  shall  have  to  jog  along  in  the  best  way  that  we 
can,  letting  each  engineer  use  his  own  judgment  concerning  the  inten- 
sities to  employ,  or  perhaps  (which  is  the  best  thing  to  be  done  under 
the  circumstances)  obtaining  a  consensus  of  opinion  as  to  what  system 
to  adoi^t  for  a  temporary  exjjedient.  The  method  adopted  by  Mr. 
Schneider  of  reducing  all  live  load  stresses  to  their  equivalent  static 
stresses  before  applying  a  constant  intensity,  is  undoubtedly  the 
scientific  way  to  i:)roportion  bridges;  but  until  we  have  some  real 
knowledge  of  the  efi'ects  of  dynamically  applied  loads,  it  does  not  seem 
advisable  to  develop  a  system  that  in  all  probability  will  have  to  be 
considerably  modified  in  the  future. 

It  would  not  be  such  an  immense  undertaking  to  make  an  exhaus- 
tive series  of  tests  of  the  effects  of  live  loads  applied  to  bridge  members 
with  varying  velocities.  Perhaps  a  year's  time  and  an  expenditure  of 
say  $50  000  would  sufiice.  If  not,  more  time  and  money  should  not  be 
begrudged  ujion  such  an  important  matter.  The  United  States 
Government  is  willing  to  ajjpropriate  annually  millions  of  dollars  for 
the  United  States  Engineers  to  experiment  with  upon  hydraulic  prob- 
lems, so  why  cannot  the  bridge  engineers  and  the  railroads  obtain  from 
Congress  a  small  appro^jriation  to  decide  one  of  the  most  vital  questions 
in  bridge  building?  If  the  United  States  Government  refuse  to  make 
such  an  approjiriation,  cannot  one  of  America's  millionaires  be  jjei-- 
suaded  to  donate  the  money  as  a  contribution  to  applied  science? 

In  my  opinion  the  proper  steps  to  take  after  obtaining  the  money 
woiild  be  as  follows: 

-  First. — To  appoint  a  committee  of  seven  members  of  the  American 
Society  of  Civil  Engineers,  who  are  acknowledged  bridge  experts,  to 
act  as  an  advisory  board,  and  let  them  lay  out  the  series  of  tests  (to  be 
modified  later  if  thought  by  them  advisable),  appoint  a  committee  of 
three  well  i)ai(l  expert  bridge  engineers  to  make  the  tests  under  their 
instructions,  attend  to  all  payments   of  money,   make  arrangements 
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with  railroad  companies  for  the  use  of  their  lines  and  bridges  in  making 
the  tests,  etc. 

Tlie  first  practical  step  to  take  Avould  l)e  to  investigate  all  the 
machines  thus  far  invented  for  measuring  extensions  and  compressions 
in  bridge  members,  so  as  to  decide  iipon  what  kind  of  apjjaratus  to 
adopt,  designing  new  ones  if  necessary.  These  machines  should  be 
tested  thoroughly  to  deterriiine  their  accuracy  as  far  as  static  loads  are 
concerned,  and  to  prove  their  reliability  in  case  of  dynamically  applied 
loads.  After  the  machines  are  shown  to  be  satisfactory,  exjieriments 
should  be  begun  systematically  upon  all  parts  of  bridges  of  modern 
design,  for  trains  varying  in  velocity  from  zero  to  the  greatest  attain- 
able speed.  Sufficient  tests  of  all  kinds  should  be  made  to  give 
good  average  results.  Both  tension  and  compression  members  should 
be  experimented  upon,  and  if  the  machines  prove  to  be  very  accurate, 
even  such  intricate  problems  as  the  distribution  of  stress  in  plate 
girders  might  be  solved.  This  field  of  experiment  is  a  most  inviting 
one,  especially  becaiise  of  the  great  utility  of  the  results  ;  so  there 
would  be  no  difficulty  in  obtaining  an  expert  committee  to  make  the 
tests.  Mr.  Woelfel's  remarks  on  the  sul)ject  of  measuring  the  actual 
intensities  of  working  stresses  (pages  167  and  168)  are  most  interesting, 
and  are  worthy  of  a  careful  perusal. 

Next  to  the  series  of  tests  just  described,  the  most  needed  exijeri- 
ments  are  some  on  steel,  esijecially  in  full-size  compression  members  of 
all  kinds.  A  systematic  effort  on  the  part  of  the  members  of  the 
American  Society  of  Civil  Engineers  ought  to  secure  this  also.  If  we 
had  the  results  of  such  a  series  of  tests,  we  would  be  able  to  make 
diagrams  giving  working  intensities  for  all  kinds  of  compression  mem- 
bers, and  thus  avoid  all  difficulty  due  to  numerous  and  vaned  formulas. 
Now  on  account  of  these  reasons  I  do  not  consider  it  either  ad^dsa- 
ble  or  in  any  way  beneficial  to  discuss  theoretically  the  jjroper  inten- 
sities of  working  sti'esses  or  column  formulas,  so  I  shall  take  no  further 
notice  of  several  elaborate  mathematical  dissertations  that  are  to  be 
found  in  the  discussions. 

Mr."  Thos.  H.  Johnson  (page  114)  objects  for  testhetic  reasons  to  the 
use  of  stitf  bottom  chords  near  the  ends  of  spans.  Such  struts  in  most 
single  track  bridges  are  a  necessity,  hence  "a  due  regard  for  the 
eternal  fitness  of  things"  would  caiise  their  adoption,  even  if  "the 
change  from  eye-bar  to  the  built  form  is  an  oflfeuse  to  the  eye."  It  is 
not  good  engineering  to  sacrifice  excellence  to  mere  appearance,  and  I 
do  not  think  that  any  portion  of  a  design  which  gives  prima  facie  evi- 
dence of  its  use  can  be  cause  of  off'ense  to  the  eye  of  an  engineer. 

Mr.  Johnson  (page  115)  objects  to  my  top  chord  formula,   stating 

that  for  —  =  50  it  is  27  per  cent,  too  high,  and  at  —  =  120  it  is  16  per 
r  r 

cent,  too  low.     He  says  that  the  formula  is  utterly  without  sui^jjort  in 
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reason  or  experience,  and  is  a  purely  arbitrary  assumption  in  every 
particular.  That  it  is  an  "arbitrary  assumption"  I  grant,  but  in 
respect  to  the  other  assertions  I  beg  to  diflfer  with  the  gentleman.     For 

values   of  —  not  exceeding  50,  it  is  customary  with  some  engineers  to 

r 
strain  steel  compression  members  a  certain  fixed  amount  based  upon 
the  corresponding  intensity  used  for  tension  members.  Mr.  Bouscaren, 
whose  standing  as  a  bridge  engineer  neither  Mr.  Johnson  nor  any  one 
else  will  be  disposed  to  question,  strains  short  compression  members 
12  000  pounds  per  square  inch,  where  he  strains  the  corres^Donding 
tension  members  14  000  pounds  per  square  inch.  My  intensities  for 
compression  and  tension  are  in  the  ratio  of  11  000  pounds  to  12  000 
pounds,  which  is  different,  it  is  true,  from  Mr.  Bousearen's  ratio,  but 
not  so  very  diflferent.     As  for  my  formula  giving  results  16  -pev  cent,  too 

low  for  cases  where  —  =  120,    I   wonder    whv    Mr.    Johnson    did   not 
r 

assume    —  =  500   in   making   his   comj^arison  !      Who   ever  heard   of 
r 

—  =  120  for  the  top  chord  of  a  railroad  bridge  ?     It  scarcely  ever  ex- 

r 

ceeds  65  in  the  lightest  structures,  and  even  in  inclined  end  posts  it 

goes  no  higher  than  85.     The  fact  that  my  formula  discourages  the  use 

of  large  values  of  _  is  a  point  in  its  favor.     Moreover,  until  we  know 

r 
more  about  the  resistance  of  steel  columns,  it  is  probably   as   good 
as  any  other,  and  is  just  as  likely  to  be  correct. 

Answering  Prof .  Swain  (page  120),  I  would  call  his  attention  to  the 
fact  that  I  use  the  form  of  the  fatigue  formula  (page  99)  merely  as  a 
comj^romise  until  something  better  and  more  reliable  can  be  established. 
I  agree  with  Prof.  Swain  that  the  sudden  change  in  intensity  for  flanges 
of  plate  girder  spans  at  a  length  of  20  feet  is  not  scientific;  but  I 
adhered  to  it,  first  because  it  is  to  a  certain  extent  customary,  and 
secondly  because  it  tends  to  discourage  the  use  of  short  panels.  Prof. 
Swain  is  in  error  when  he  states  as  follows  (page  121):  "And 
surely  the  allowable  stress  for  chords  in  a  truss  500  feet  long  could 
be  greater  than  for  chords  in  a  triiss  100  feet  long  on  account  of 
the  difference  in  impact,  although  by  Mr.  Waddel/'s  formulas  the  same 
would  be  allowed  in  both  cases,"  (The  italics  are  mine.)  He  must  have 
forgotten  that  the  dead  load  per  foot  for  a  500-foot  span  is  much  greater 
than   that   for  a    100-foot  span,  while  the  live  load  per  foot  in  the 

min.   stress 

former  is  less  than  that  in  the  latter.     For  these  two  reasons -, — - 

max.  stress 

for  the  500-foot  span  is  much  greater  than  it  is  for  the  100-foot  span. 

Beferring  to  some  of  my  office  records,  I  find  the  following  : 

For  a  100-foot  span,  dead  load  =  1  200  pounds. 

live  load  =  3  300  pounds. 
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Min.  stress  _   1  200  _ 
■'•  Slax.  stress  "~  17)00   — ."■^-^'• 
For  a  500-i'oot  span,  dead  load  =  4  000  ijoiinds. 
live    load  =^  3  500  i)ounds. 
Min.  stress  _  4  000   _      ^ 
Max.  stress  ""  7  500    —        •  '  • 
The  corresponding  intensities  for  bottom  chords  are  13  356  pounds 
for  the  100-foot  si)an  and  15  198  pounds  for  the  500-foot  sjjan. 

Respecting  Mr.  Bland's  remarks  upon  the  New  York  Elevated  struc- 
tiire  (pp.  248  and  249),  is  it  not  evident  to  any  bridge  engineer  who 
rides  over  some  of  the  older  lines  that  they  are  wretchedly  designed, 
especially  in  details  ?  This  is  probably  the  reason  that  they  begin  to 
show  signs  of  failure.  One  of  my  favorite  axioms,  viz.,  that  "two 
rivets  do  not  make  a  connection,"  apj^ears  to  be  violated  constantly  in 
these  structures. 

I  desire  to  correct  a  small  error  which,  in  sjiite  of  all  care,  cx'ept 
into  my  ijaper.  On  page  103  the  formula  for  lateral  struts  should 
read 

p  =  17  000  —  65  -L 
r 

instead  of 

2)  =  17  000  —  55  —. 
r 

Combined  Stresses. — Concerning  the  fixedness  of  inclined  end  posts 
at  pedestals  there  appears  to  be  a  diflference  of  opinion,  and  there  is 
reason  on  both  sides.  I  am  ready  to  concede  that  with  a  heavy  end 
floor  beam  rigidly  attached  to  the  inclined  end  posts,  the  conditions  are 
miich  better  than  those  for  the  assumed  free  ends  ;  but,  on  the  other 
hand,  the  end  floor  beams  are  not  very  thoroughly  riveted  to  the  in- 
clined end  posts,  there  is  play  in  the  jsin  hole,  and  the  anchor  bolts  do 
not  hold  down  the  expansion  pedestal  very  firmly.  Perhaps  after  all 
I  do  not  differ  in  effect  essentially  from  Messrs.  Burr  and  Swain,  be- 
cause, while  I  use  a  long  lever  arm  in  finding  the  bending  moment,  I 
strain  the  metal  on  the  extreme  fiber  very  high  ;  and  they  use  a  short 
lever  arm  and  i)robably  strain  the  metal  much  lower. 

Answering  Mr.  Bouscaren  (p.  183),  my  reasons  for  straining  metal 
in  inclined  end  posts  so  high  are  as  follows : 

1st.  My  assumed  lever  arm  is  really  greater  than  necessary  in  a 
well  designed  bridge,  althoiigh  I  believe  with  Mr.  Bouscaren  that  it  is 
never  twice  too  great.  2d.  The  great  intensity  is  on  the  extreme  fiber 
only,  while  the  average  over  the  whole  section  does  not  greatly  exceed 
that  allowed  for  live  and  dead  loads.  3d.  The  member  under  such  an 
intensity  is  essentially  a  beam  rather  than  a  strut,  consequently  it  can 
be  strained  higher.  4th.  The  wind  loads  assumed  are  greatly  in  excess 
of  those  that  are  ever  likely  to  come  ujjon  the  structure.     5th.  The 
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combination  of  greatest  live  load  and  greatest  wind  jiressure  is  higlily 
improhable.  6tli.  Even  if  the  extreme  fiber  stress  should  ever  reach 
the  limit,  no  harm  would  be  done,  although  it  would  not  be  advisable 
to  make  a  practice  of  straining  metal  to  such  an  extent. 

Time  and  space  will  not  ijermit  me  to  give  Mr.  Skinner  the  proof  of 
how  the  addition  of  17  square  inches  to  the  section  of  a  bridge  member 
can  "  increase  the  working  strains  so  enormoiisly  as  18  per  cent.,"  but 
if  he  will  investigate  mathematically  for  himself  the  two  cases  follow- 
ing, I  think  he  will  become  convinced  of  its  possibility. 

1st.  Take  an  eye-bar  1x6  inches,  with  pin  holes  on  axis,  and  strain 
it  60  000  pounds.  2d.  Add  at  one  edge  of  said  eye-bar,  metal  1x6 
inches,  thus  forming  a  1  x  12-inch  bar,  and  apply  the  same  stress  of 
60  000  pounds,  but  do  not  change  the  position  of  the  eyes.  3d.  Com- 
isare  the  extreme  fiber  stresses  in  the  two  cases.  Mr.  Fulton's  remarks 
concerning  wind  stresses  (p.  203)  indicate  that  he  is  not  in  accord  with 
modern  American  practice,  for  surely  it  is  proper  to  strain  metal' 
higher  for  a  combined  live,  dead  and  wind  load  than  for  a  combined 
live  and  dead  load. 

Plate  Girder  Proportioning. — Answering  Prof.  Swain  (p.  123),  my 
practice  is  to  use  at  least  four  vertical  rows  of  rivets,  spaced  three 
inches,  with  two  three-eighths  x  12-inch  splice  plates  at  each  web 
splice,  and  in  addition  for  each  flange  two  long  narrow  plates,  one  on 
each  side  of  the  vertical  legs  of  the  flange  angles,  to  compensate  for  the 
divided  web  at  the  place  where  comi^ensation  is  most  needed  for 
bending. 

Mr.  Snow  (page  160)  desires  my  reason  for  the  following  statement: 
"  Of  course  if  the  web  be  counted  in,  the  intensities  of  working  stresses 
of  the  flanges  will  have  to  be  decreased  accordingly. "  It  ought  to  be  evi- 
dent that  if  we  design  a  plate  girder  for  a  flange  stress  of  10  000  pounds 
per  square  inch,  ignoring  the  aid  of  the  web  in  resisting  bending,  and 
consider  it  to  be  jjroperly  designed,  it  would  not  be  correct  to  redesign 
the  girder  by  a  formula  that  jirovides  for  relying  upon  the  assistance 
of  the  web  in  bending,  withoiit  making  the  working  intensity  less  than 
10  000  pounds.  Otherwise  we  Avould  find  a  smaller  flange  area  than  was 
found  for  the  first  design.  This  is  a  point  that  has  often  been  taken 
advantage  of  in  competition. 

The  jjreceding  explanation  will  answer  also  Mr.  Hutton's  fii-st 
remark  (page  161).  In  answer  to  his  second,  I  would  state  that  relying 
upon  the  web  to  resist  bending,  does  not  militate  against  its  resisting 
the  shear.  In  answer  to  his  fourth  remark  (page  162),  I  would  urge 
that  I  have  not  been  "a  partisan  of  the  flange-only-for-bending  theory 
in  its  most  extreme  api)lications  "  (even  so  far  back  as  ten  years  ago), 
as  my  work  on  "The  Designing  of  Ordinary  Iron  Highway  Bridges" 
will  testify;  but  have  conceded  of  late  years  to  general  custom,  know- 
ing that  the  results  of  the  two  methods  do  not  differ  essentiallv,  when 
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the  formulas  are  i^roperly  adjusted.  Mr.  Hutton  e\-identlT  has  in 
mind  a  decision  of  mine  respectiuf?  an  existing  strnctiare  supijosed 
to  have  been  designed  in  strict  accordance  with  certain  standard  speci- 
fications that  ignore  the  resistance  of  the  web  for  bending.  Of  course 
I  had  to  l)e  governed  by  said  sjiecitications  in  making  my  report. 

In  reference  to  Mr.  Douglas'  remarks  (page  206)  concerning  the 
moment  of  inertia  formula  for  plate  girders,  I  willingly  concede  its 
j;riater  exactness;  but  for  all  ordinary  cases  the  approximate  method 
■will  give  sufficiently  accurate  results,  with  the  saving  of  considerable 
time  in  computing.  Such  a  girder  as  Mr.  Douglas  instances  is  abnor- 
mal, althoiigh  circumstances  may  occasionally  call  for  its  use.  Eco- 
nomic considerations  require  that  the  weight  of  the  flanges  should  be 
about  equal  to  that  of  the  web  and  its  details,  and  a  girder  designed 
according  to  this  rule  will  always  give  a  depth  sufficient  for  stiffness. 
For  long  spans  other  considerations  than  economy  control  the  depth. 
It  might  be  well  to  specify  that  whenever  the  area  of  the  flanges 
exceeds  that  of  the  web  by  more  than  50  per  cent,  the  exact  formula 
be  used,  and  in  other  cases  the  approximate  one. 

I  am  glad  that  Mr.  Osborn  has  called  attention  (page  212)  to  Mr. 
Thacher's  neat  and  expeditious  method  of  comi^uting  lengths  for  cover 
plates  by  means  of  the  slide  rule;  for  I  am  a  Arm  believer  in  the  use  of 
that  instrument  as  well  as  of  all  other  labor  saving  devices. 

Generd/  Details  of  Conatruclion. — Mr.  Gayler  (page  124)  is  right  in 
placing  the  minimum  thickness  of  metal  in  railway  bridges  at  three- 
eighths  of  an  inch;  and  in  my  opinion  it  is  only  a  desire  to  comply 
with  the  wishes  of  those  who  pay  for  the  structures,  which  prevents 
ou^ineers  from  adopting  this  limit. 

In  regard  to  the  reaming  of  steel,  I  am  quite  ready  to  be  convinced 
of  my  error  l)y  a  general  consensus  of  oi^inion  ;  mine  on  this  point,  I 
must  acknowledge,  is  mostly  second-hand.  It  is  evident  that  reaming 
is  a  good  i^recaution;  but  the  question  is,  "Is  it  worth  the  cost  ?  "  If 
it  be  decided  that  medium  steel  should  be  reamed,  I  think  that  wrought 
iron  also  should  be  required  to  receive  the  same  treatment.  Mr.  F.  H*. 
Lewis'  paper  on  "Soft  Steel  in  Bridges"  sheds  much  light  on  this 
subject;  l)ut  I  think  that  a  further  discussion  thereon  by  those  who 
are  most  competent  to  give  an  opinion  would  be  of  great  value. 

An  extended  sei-ies  of  experiments  is  needed  to  determine  the  proper 
lengths  for  stay  plates.  I,  as  well  as  all  the  bridge  engineers  w-ith 
whom  I  have  discussed  the  subject,  believe  that  Mr.  Bouscaren's  re- 
qmrements  (page  185)  are  excessive,  especially  in  large  bridges;  but 
ujjon  the  subject  of  latticing  I  agree  with  the  remarks  made  by  that 
gentleman. 

Conclusion. — In  bringing  this  resume  to  a  close,  I  desire  to  enum- 
erate the  results  which,  I  hope,  will  be  accomplished  by  this  paper 
and  the  discussions  thereon. 
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First. — The  abandoument  of  the  engine  diagram  or  concentrated 
load  method  of  computing  stresses,  excei^t  for  nnnsual  cases  such  as 
multiple  systems  of  cancellation;  and  the  adoption  of  the  method  of 
equivalent  uniform  loads. 

Second. — The  adojition  of  certain  standard  engine  and  train  loads. 

Third. — An  exhaustive  set  of  experiments  to  ascertain  the  dynamic 
effects  of  live  loads  applied  at  various  speeds  on  bridge  members  of  all 
kinds. 

Fourth. — An  elaborate  series  of  tests  of  full-size  members  of  steel 
bridges,  especially  coinpression  members  of  all  kinds. 

Fifth. — Ultimately,  the  adoption  by  the  profession  of  standard 
specifications  for  bridge  designing,  which  shall  specify  clearly  and 
concisely  in  every  particular  such  important  matters  as  loads,  intensi- 
ties of  working  stresses,  quality  of  materials,  workmanshij:),  etc.,  but  at 
the  same  time  shall  not  infringe  upon  the  individuality  of  the  designer. 

To  the  attainment  of  these  ends,  it  is  my  intention  to  devote  all  the 
time  which  I  can  spare  from  my  practice  ;  and  I  herewith  invite  the 
co-operation  of  all  American  bridge  and  railroad  engineers,  fully 
recognizing  the  fact  that  one  engineer  unaided  can  accomplish  j^rac- 
tically  nothing,  but,  with  the  hearty  assistance  of  his  professional 
brethren,  there  is  nothing  in  reason  that  cannot  be  effected.  Finally  I 
would  suggest  that  further  discussions  of  this  jjaper  with  its  discussions 
and  the  resume  are  in  order,  and  that  they  can  be  published  in  later 
issues  of  the  Transactions  of  the  American  Societv  of  Ci^il  Engnneers. 
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Page  175,  line  32,  read  shear  instead  of  stress.  Page  176,  line  1,  read 
wheel  base  instead  of  wheel  box.  Page  178,  line  38,  read  broken  truck 
instead  of  broken  tracks.  Page  180,  line  16,  read  Russia  instead  of 
Prussia.  Page  181,  lines  15  and  32,  read  Contamin  instead  of  Contomin. 
Page  182,  line  30,  read  full  size  posts  instead  of  full  size  parts. 

On  page  101  of  Proceedings,  7th  line  from  bottom,  read  April  20th 
instead  of  April  6th. 


of  that  work  and  some  of  its  peculiar  engineering  features,  to  be  read 
before  the  Society;  but  pressing  engagements,  making  a  report  for  the 
raHway  company,  etc.,  prevented  its  preparation  that  summer.  At  the 
€resson  convention,  in  June,  1890,  the  Society  did  the  writer  the  honor 
to  spend  the  greater  part  of  one  evening  looking  at  some  one  hundred 
and  fifty  stereopticon  Aaews  of  the  canons  through  which  the  survey 
passed,  while  he  gave  a  running  talk  and  description  of  some  of  the  ex- 
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First. — The  abaudonment  of  the  engine  diagram  or  concentrated 
load  method  of  computing  stresses,  excej^t  for  nniisnal  cases  such  as 
multiple  systems  of  cancellation;  and  the  adoj^tion  of  the  method  of 
equivalent  uniform  loads. 

Second. — The  adoption  of  certain  standard  engine  and  train  loads. 

Third. — An  exhaustive  set  of  experiments  to  ascertain  the  dynamic 
effects  of  live  loads  ajjplied  at  various  speeds  on  biidge  members  of  all 
kinds. 

Fourth. — An  elaborate  series  of  tests  of  full-size  members  of  steel 
bridges,  especially  compression  members  of  all  kinds. 

Fifth. — Ultimately,  the  adoption  by  the  profession  of  standard 
specifications  for  bridge  designing,  which  shall  specify  clearly  and 
concisely  in  every  jiarticular  such  important  matters  as  loads,  intensi- 
ties of  working  stresses,  quality  of  materials,  workmanship,  etc. ,  but  at 
the  same  time  shall  not  infringe  upon  the  individuality  of  the  designer. 

To  the  attainment  of  these  ends,  it  is  my  intention  to  devote  all  the 
time  which  I  can  sjsare  from  my  practice  ;  and  I  herewith  invite  the 
co-operation  of  all  American  bridge  and  railroad  engineers,  fully 
recognizing  the  fact  that  one  engineer  unaided  can  accomj^lish  i)rac- 
tically  nothing,  but,  with  the  hearty  assistance  of  his  professional 
brethren,  there  is  nothing  in  reason  that  cannot  be  effected.     Finallv  T 
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AVAILABILITY  OF  THE   CANONS  OF   THE  COLO- 
RADO RIVER  OF  THE  WEST  FOR 
RAILWAY  PURPOSES. 


By  Robert  Brewster  Stanton,  M.  Am.  Sec.  C.  E. 


WITH  DISCUSSION. 

Before  enteriDg  uj)on  the  subject  of  tliis  paper,  a  short  explanation 
is  necessary,  on  account  of  the  apparent  tardiness  in  its  presentation. 
It  was  the  intention  of  the  writer,  immediately  on  the  completion  of  the 
survey  down  the  Colorado  River,  in  May,  1890,  to  prepare  an  account 
of  that  work  and  some  of  its  peculiar  engineering  features,  to  be  read 
before  the  Society;  but  pressing  engagements,  making  a  report  for  the 
railway  company,  etc.,  prevented  its  preparation  that  summer.  At  the 
Cresson  convention,  in  June,  1890,  the  Society  did  the  writer  the  honor 
to  spend  the  greater  part  of  one  evening  looking  at  some  one  hundred 
and  fifty  stereopticon  views  of  the  canons  through  which  the  survey 
passed,  while  he  gave  a  running  talk  and  description  of  some  of  the  ex- 
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periences  of  the  journey,  and  in  answer  to  many  questions  attemijted  to 
explain  the  engineering  difficulties  of  the  route. 

Although  the  subject  has  thus  been  presented  before  the  Society,  it 
seems  ]:roiDer  to  put  iu  a  more  permanent  form  a  record  of  the  methods- 
employed  and  the  results  obtained  in  an  undertaking  which  has  at  least 
one  attractive  feature,  that  of  novelty.  This  novelty  is  twofold:  the 
very  boldness  of  the  concejition  of  constructing  a  railway  at  the  bottom 
of  the  supposed  imi^assable  canons  through  which  this  great  water 
course  runs,  and  on  account  of  the  numerous  rapids,  falls  and  cataracts- 
in  the  river,  the  dangerous  and  exciting  work  necessary  while  navigating 
it,  in  order  to  make  what  would  have  been  otherwise  a  simple  exploratory 
survey. 

It  would  be  entirely  out  of  place  in  such  a  paper  as  this,  to  enter 
into  a  description  of  the  many  adventures  of  the  expedition  while- 
making  the  siirvey,  its  perils  by  land  and  by  water;  or  to  picture  the 
wonderful  and  beautiful  scenery  of  those  remarkable  caiions.  However^ 
although  it  shall  be  confined  to  the  engineering  problems  encountered, 
and  to  such  a  description  of  the  country  as  may  relate  to  a  railway 
route,  yet  it  will  be  necessary,  in  order  to  make  clear  the  nature  of  the 
work  and  the  methods  employed,  to  refer  to  some  incidents  of  the 
journey  that  were  not  technically  engineering  exijeriences. 

The  question  of  a  low  grade  railway  line  from  the  western  base  of 
the  Kocky  Mountains  to  tide  water  on  the  Pacific  Ocean,  by  way  of  the 
Colorado  Eiver  of  the  West,  is  not  a  new  one.  It  has  been  discussed  by 
engineers  for  twenty  years  at  least,  ever  since  the  first  explorations  of 
the  great  canons  of  that  river  by  Major  J.  W.  Powell  in  1869.  This  ex- 
ploration by  Major  Powell  was  undoubtedly  the  first  journey  ever  made- 
through  these  caiions.  Some  wild  stories  are  told  of  two  men  having 
gone  through  the  Grand  Caiion  on  a  raft  of  small  cottonwood  logs.  This 
stoi'y  was  first  published  in  General  Palmer's  report  on  the  Pacific  Rail- 
way Surveys,*  and  afterward  rejiublished  with  many  embellishments- 
by  the  author,  and  illustrated  with  some  outlandish  i)ictures,  iu  Bell's 
"New  Tracks  in  North  America."! 

While  no  records  have  yet  been  found  that  show  any  earlier  explora- 
tion of  the  Colorado  Eiver,  by  passing  along  its  waters  and  throtigh  its- 

•  "  Report  of  Surveys  Across  the  Continent,"  1868,  General  William  J.  Palmer. 
t  "New  Tracks  in  North  America,"  William  A.  Bell,  London,  1870. 
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cauons,   than  that  of  Major  Powell  in  1869,  some  discoveries  seem  to 
point  to  an  attempt  at  least,  made  more  than  thirty-three  years  before. 

While  making  the  survey  through  the  lower  part  of  Cataract  ("aiion 
the  writer  discovered  an  inscrij^tion,  or  rather  a  name  and  date,  thiis: 

"1836 

D.  Julien." 

This  in  itself  would  not  appear  very  wonderful ;  but  when  taken 
together  with  the  following  facts  is  significant.  This  inscription  was 
cut  with  a  tool  resembling  a  dull  center  punch.  It  is  upon  the  wall 
of  the  caiion  under  an  overhanging  cliflf,  and  at  such  a  height  and  in 
such  a  position — where  the  water  fills,  and  undoubtedly  at  that  time, 
filled  the  whole  gorge  from  wall  to  wall — that  it  could  only  have  been 
cut  from  a  boat  (or  other  float),  and  at  quite  a  high  stage  of  water.  The 
point  is  on  a  level,  smooth  stretch  of  the  river,  but  above  some  heavy 
and  narrow  rapids,  on  account  of  which  it  would  have  been  practically 
impossible  to  reach  this  stretch  of  water  from  below.  The  insci'iption 
is  considered  entirely  genuine,  both  from  its  position,  as  well  as  the 
style  and  shape  of  the  letters  and  figures  used.  Hence  the  writer  is  led 
to  believe  that  this  was  cut  by  a  party  descending  the  river. 

A  very  slight  investigation  of  this  shows  that  about  the  time  of  the 
date  given  upon  the  wall  of  the  caiion,  a  party  of  French  voyageurs, 
traveling  in  the  Northwest,  divided  into  two  parties,  one  starting  to  ex- 
plore in  the  Southwest.  It  has  as  yet  been  imijossible  to  push  this 
investigation  any  farther,  though  it  is  believed  that  some  records  of  these 
voyageurs  still  exist;  but  whether  these  records  will  show  the  pre^-ious 
history  of  the  man  who  cut  the  name  and  date  in  the  caiion  or  not,  it  is 
extremely  doul)tful  if  anything  farther  can  be  learned  of  the  results  of 
his  journey,  or  how  much  farther  down  the  river  he  went  before  he  was 
swallowed  up  in  its  mighty  cataracts. 

For  the  purposes  of  a  convenient  record  it  will  perhaps  not  be  out  of 
place  to  give  a  short  account  of  the  earliest  examinations  of  the  lower  or 
valley  division  of  this  notable  river. 

The  Gulf  of  California  and  the  mouth  of  the  Colorado  were  first  dis- 
covered, as  far  as  we  have  any  account,  by  the  naval  division  of  the 
expedition  of  Francisco  Yasquez  de  Coronado,  in  the  spring  of  1540.  On 
the  26th  of  August,  1540,  two  Spanish  shallops,  under  command  of 
Fernando  Alarcon,  started  up  the  river.  They  traveled  fifteen  and  a 
half  days,    and  then  turned  back.     On  the  14th  of  September  of  the 
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same  year  Alarcon  again  started  up  tlie  river,  and  continued  for  a  dis- 
tance of  290  miles,  when  he  returned  to  the  mouth. 

It  has  generally  been  supposed  that  the  first  attempt  to  navigate  the 
lower  Colorado  with  steamboats  of  any  size  was  made  by  Lieutenant 
Ives  in  1858.  By  some  recent  investigations  it  is  found  that  this  is  not 
the  case.  Captain  George  A.  Johnson,  who  now  resides  at  San  Diego, 
Oal.,  first  went  to  the  mouth  of  the  Colorado  in  1851.  Soon  after  that 
he  built  at  that  point  three  steamboats,  and  as  early  as  April,  1852,  went 
up  the  river  by  steamboat  as  far  as  Fort  Yuma,  at  the  mouth  of  the 
Gila  River. 

Captain  Johnson  continued  to  navigate  that  portion  of  the  river  a 
distance  of  nearly  150  miles,  carrying  supplies  to  the  Government  troops 
and  settlers  till  the  fall  of  1857.  In  December  of  that  year  Captain  John- 
son made  his  first  trip  to  any  distance  above  Fort  Yuma.  This  journey 
up  the  Colorado  was  made  in  the  steamboat  General  Jessup,  a  boat  108 
feet  in  length,  of  28  feet  beam,  and  drawing  2  feet  6  inches  of  water. 
With  a  military  escort  under  Lieutenant  James  White,  of  the  3d  U.  S. 
Artillery,  they  started  from  Fort  Yuma  in  December,  1857,  and  steamed 
up  the  river  to  El  Dorado  Carion,  about  68  miles  below  the  mouth  of 
the  Rio  Virgin.  Captain  Johnson  was  engaged  in  this  expedition  be- 
tween  three  and  four  months,  and  while  coming  down  the  river  met 
Lieutenant  Ives  and  his  Government  party  some  distance  above  Fort 
Yuma.  Lieutenant  Ives  reached  the  mouth  of  the  Colorado  the  29th 
day  of  November,  1 857,  and  started  up  the  river  with  his  little  steam- 
boat, The  Explorer,  on  the  21st  of  December,  1857.  After  passing  Captain 
Johnson  on  the  river  he  proceeded  up  to  El  Dorado  Caiion,  where  the 
General  Jessup  had  been  before  him,  and  for  some  few  miles  beyond  into 
the  Black  Canon. 

A  very  interesting  account  of  this  expedition  may  be  found  in 
Lieutenant  Ives'  report  jjublished  by  the  Government ;  *  but  it  is  rather 
remarkable  that  he  does  not  mention  Caj^tain  Johnson's  boat,  which  was 
large  enough  to  have  stowed  away  out  of  sight  Lieutenant  Ives'  Uttle 
Explorer.  The  river  is  navigable  lor  steamboats  drawing  from  3  to  4 
feet  for  about  575  miles  to  the  mouth  of  the  Rio  Virgin.  Its  navi- 
gation has  some  peculiarities.  One  trip  of  the  steamboat  Gila,  a  boat 
180  feet  in  length,  required  nearly  four  days  from  El  Dorado  to  the 

•  Beport  of  Lieutenant  Joseph  O.  Ives,  1867-8,  Senate  Ex.  Doc,  30th  Congress,  1st  Ses- 
sion. 
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Rio  Virgin  ;  but  in  returning  with  a  load  of  80  tons  of  salt  the  same 
distance  of  68  miles  was  made  in  three  hours  and  tea  minutes. 

Since  1869  many  attempts  have  been  made  to  descend  the  Colorado 
in  boats,  but  without  success  until  the  expedition  of  which  the  writer  of 
this  paper  was  in  charge,  beginning  at  Green  River  Station,  Utah, 
]\ray  25th,  1889,  and  finally  completed  at  tide-water  at  the  head  of  the 
Clulf  of  California,  in  the  Mexican  State  of  Sonora,  on  April  26th,  1890. 
During  the  years  1870-73,  the  United  States  Government  made  a  careful 
and  extensive  geological  survey  of  the  country  through  which  the 
Colorado  flows.  The  results  of  this  work  are  found  in  the  very  able 
and  extensive  reports  of  Captain  C.  E.  Button  to  the  Director  of  the 
( ieological  Survey. 

In  order  to  clearly  understand  the  engineering  features  of  this  sec- 
tion of  our  country  for  a  railway  roixte,  it  will  be  necessary,  and  it  is 
lioped  both  profitable  and  interesting,  to  give  a  short  account  of  the 
geological  creation  of  this  whole  area,  and  also  some  history  of  the  for- 
mation of  this  most  remarkable  and  peculiar  river  course. 

By  referring  to  a  map  of  the  western  part  of  the  United  States  (Plate 
XXVI)  it  will  be  seen  that  the  Colorado  River  of  the  "West  is  formed  by 
the  junction  of  the  Grand  and  the  Green  rivers.  The  Green  River  rises 
in  the  Wind  River  Mountains  in  the  northwestern  part  of  Wyoming, 
and  flows  in  a  southerly  direction  through  Wyoming  and  Utah.  The 
Grand  River  rises  in  the  northern  central  part  of  Colorado  ;  its  head 
waters  being  the  Grand  Lake,  which  is  situated  at  the  western  base  of 
the  Rocky  Mountains,  close  up  under  the  Continental  Divide,  and  about 
42  miles  west  and  33  miles  north  of  the  City  of  Denver.  Flowing  in  a 
n'enerally  southwestern  course,  it  forms  a  junction  with  the  Greeu  River 
in  the  western  part  of  the  Territory  of  Utah.  The  waters  of  these  two 
form  the  Colorado.  This  river  flows  in  a  generally  southwestern  course 
to  the  mouth  of  the  Colorado  Chiquito,  in  the  Territory  of  Arizona. 
Thence  its  general  course  is  west  to  the  mouth  of  the  Las  Vegas 
Wash,  about  30  miles  below  the  mouth  of  the  Rio  Virgin,  in  the  State 
of  Nevada;  and  thence  its  course  is  almost  due  south,  forming  as  it 
does  the  boundary  line  between  the  Territory  of  Arizona  on  the  east, 
and  the  States  of  Nevada  and  California  on  the  west,  until  it  empties 
into  the  Gulf  of  California,  in  the  Mexican  State  of  Sonora.  Taking  the 
Green  as  the  main  branch,  this  river  course  is  something  over  two  thou- 
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sand  miles  long.  The  distance  from  Grand  Junction  to  the  Gulf  is  in 
round  numbers  twelve  hu.ndred  miles. 

For  the  purposes  of  railway  examination  the  Colorado  Eiver  may  be 
divided  into  two  general  divisions  : 

First. — That  from  the  mouth  of  the  river  up  to  the  mouth  of  the 
Grand  Canon,  a  point  about  38  miles  east  of  the  Rio  Virgin,  and  near 
the  eastern  line  of  the  State  of  Nevada.  This  may  be  called  the  Lower 
or  Valley  Division. 

Second. — That  from  the  mouth  of  the  Grand  Caiion  to  the  town  of 
Grand  Junction,  Colorado  (including  that  portion  of  the  Grand  River 
above  the  Colorado).     This  may  be  called  the  Upper  or  Caiion  Division. 

The  Cbeation  of  the  Rivek. 

From  the  western  side  of  the  Rocky  Mountain  range — speaking  only 
in  general  terms — the  whole  country  through  which  the  Colorado  River 
runs  is  a  series  of  terraces  and  high  plateaus,  extending  as  far  west  as 
the  Grand  Wash,  or  end  of  the  Grand  Canon,  where  the  surface  descends 
to  a  much  lower  elevation.  This  low  country  reaches  to  the  eastern 
side  of  the  mountain  ranges  of  Nevada  and  California,  which  separate  it 
and  the  valley  of  the  Lower  Colorado  from  the  Pacific  Ocean.  This 
high  "  plateau  country  "  is  divided  into  valleys,  terraces  and  plateaus, 
ranging  in  height  from  4000  to  10  000  feet  above  the  level  of  the  sea, 
with  mountain  jDcaks,  extinct  volcanoes  and  cinder  cones  reaching  to  an 
elevation  of  some  13  000  feet  or  moi'e  above  the  sea. 

Geologists  tell  us  that  over  this  whole  western  part  of  our  continent, 
during  the  long  geological  ages,  from  the  Carboniferous  to  the  Eocene 
j)eriods,  the  bed  of  the  great  ocean  that  covered  it  gradually  sank,  and 
as  it  sank  there  was  deposited  under  the  waters  the  strata  of  rock  we 
now  see  exposed,  amounting  in  all  to  from  14  000  to  20  000  feet  in  thick- 
ness. About  the  beginning  of  the  Eocene  period  there  came  a  turning- 
point  in  the  origin  of  this  part  of  the  continent.  First  came  a  great 
upheaval  on  the  south  of  the  province  where  the  San  Francisco  Moun- 
tains now  are  in  New  Mexico.  The  eastern  portion  rose  gradually,  and 
lastly  and  more  suddenly  rose  the  far  west,  forming  a  great  Eocene  lake, 
with  the  older  Uinta  Mountains  on  the  north,  and  the  Rocky  Mountains 
to  the  east.  Thus  what  is  called  the  "Plateau  Country"  was  formed 
into  one  continuous  lake  or  inland  sea,  surrounded  in  the  most  part  by 
mountain  ranges.     This  plateau  lake  seems  to  have  been  one  of  the 
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largest  and  most  enduriug  of  the  great  lakes  of  those  ages.  The 
volume  of  sediment  accumulated  ui^on  its  bottom  ranged  from  1  200 
to  upward  of  5  000  feet  in  thickness.  At  length,  as  the  ages  rolled  on, 
there  was  a  cessation  of  this  deposit  and  a  beginning  of  the  gradual 
upheaval  of  the  whole  country.  An  outlet  for  the  elevated  waters  of 
this  lake  was  formed  in  the  southern  or  southwestern  portion. 

Following  the  careful  and  convincing  argument  of  Captain  C.  E. 
Dutton,  from  the  evidence  which  seems  clearly  to  be  written,  "  we  must 
also  infer  that  upon  the  floor  of  this  basin,  as  it  emerged,  a  drainage 
system  was  laid  out.  Such  a  drainage  system  would  necessarily  conform 
to  the  slojies  of  the  country  then  existing.  Taking  the  supposition 
already  made,  that  the  uplift  was  somewhat  greater  upon  the  eastern 
than  upon  the  western  side  of  the  province,  the  configuration  of  the 
principal  drainage  channels  would  be  very  much  like  that  now  existing. 
The  trunk  channel  would  flow  southwestwardly  and  westward,  while  the 
tributaries  would  enter  it  on  either  hand,  very  much  as  the  larger  and 
older  tributaries  now  do." 

"With  the  final  desiccation  of  the  Grand  Canon  district  began  the 
great  erosion  which  has  never  ceased  to  operate  down  to  the  present 
time.  Concerning  the  details  of  this  process  we  know  but  little,  and  we 
can  only  guess  at  its  general  character  during  the  earlier  ages.  Erosion 
is  here  associated  with  a  large  amount  of  uplifting,  and  we  may  conjec- 
ture that  as  the  uplifting  went  on  the  irregularities  produced  by  erosion 
became  greater  and  greater,  the  valleys  grew  deeper  and  the  intervening 
mesas  stood  in  high  relief." 

This  earlier  upheaval  was  coincident  with  the  earlier  volcanic  erup- 
tions, and  is  roughly  estimated  at  from  2  000  to  3  000  feet. 

"The  river  found  its  base  level  soon  after  the  uplifting  ceased,  and 
the  caiions  slowly  widened  by  the  recession  of  their  cliffs." 

As  the  ages  rolled  on,  quoting  again  from  Captain  Dutton,  there  came 
"  the  final  upheaval  which  has  already  brought  the  region  to  its  present 
condition.  The  Colorado  Biver,  after  remaining  without  erosion  at 
the  level  of  the  esplanade  of  the  carion  during  the  greater  part  of  the 
Pliocene  time,  at  length  resiimed  the  operation  of  sinking  its  channel. 
A  new  paroxysm  of  ujjheaval  set  in;  the  faults  increased  their  displace- 
ment; the  volcanic  vents  reojiened.  This  time  the  ui3heavalwas  greater 
than  before,  amounting  probably  to  from  3  000  to  4  000  feet,  and  the 
narrow  inner  gorge  was  swiftly  cut." 
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"  During  the  last  stage  of  the  evolution  the  Glacial  period  intervened 
between  the  arid  climate  of  the  Pliocene  and  that  of  the  present  time. 
The  glacial  period  here  was  not  icy,  but  rainy,  and  very  probably  colder 
than  the  present.  In  some  localities  it  began  to  excavate  systems  of 
local  drainage  channels  and  to  carve  out  minute  details  of  topography." 

Thus  the  process,  which  Avas  twofold — erosion  and  weathering — 
has  gone  on  from  age  to  age.  At  times  the  gorge  of  the  main  river  has 
been  partially  filled  up  by  the  inflow  of  great  streams  of  lava  from  the 
volcanoes  above.  In  jalaces  this  lava  filled  the  whole  gorge  to  the  depth 
of  hundreds  of  feet;  but  the  mighty  volume  of  water  has  cleared  out 
its  channel  a  second  time,  as  if  the  huge  masses  of  basalt  were  but 
piles  of  chaff  and  straw,  till  to-day  we  have  this  marvelous  river  flowing 
through  a  stupendous  chasm,  from  1  to  13  miles  wide  on  top,  and  at  a 
depth  of  from  1  000  to  6  300  feet  below  the  general  level  of  the  sur- 
rounding country,  with  a  system  of  lateral  gorges  from  one-half  mile  to 
a  mile  in  depth,  and  extending  many  miles  back  into  the  country  on 
either  side,  and  with  a  fall  in  the  distance  surveyed  of  over  4:  500  feet, 
and  containing,  in  less  than  500  miles,  520  rapids,  cataracts  and  falls. 

With  such  a  picture  as  this,  it  is  not  surprising  that  the  practicability 
of  building  a  railway  at  the  bottom  of  the  gorge  should  be  seriously 
questioned.  Before  entering  upon  the  discussion  of  this  jiart  of  the 
subject,  as  bearing  particularly  upon  it,  one  more  quotation  will  h& 
made  from  Captain  Button's  valuable  book. 


Development  of  Canon  Profiles.  * 

"  Since  the  attack  of  erosion,  under  the  conditions  prevailing  in  the- 
plateau  country,  is  mainly  directed  against  the  edges  of  the  horizontal 
strata,  and  since  these  strata  vary  among  themselves  in  respect  to  hard- 
ness or  durability,  it  follows  that  the  different  beds  would,  if  the  ex- 
posures were  equal,  weather  at  different  rates.  The  softer  beds  would 
disintegrate  rapidly  and  undermine  the  edges  of  the  harder  beds  over- 
lying them.  The  harder  beds  being  robbed  of  support,  cleave  off  by  the 
joints,  and  the  fragments  fall.     The  f ragmen tal  material  thus  produced 

*  "Tertiary  History  of  the  Grand  Canon  District,"  Capt.  C.  E.  Dutton. 
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is  not  immediately  carried  away,  but  remains  iu  part  and  forms  a 
talus. " 

It  is  not  necessary  to  quote  farther.  The  nature  of  this  talus  for  a 
road-bed  will  be  explained  for  each  se^iarate  caiion. 

Remembering,  then,  how  these  caiion  walls  were  formed  iu  general, 
and  the  fact  that  iu  the  Grand  Caiion,  where  the  depth  is  from  3  000  to 
6  200  feet,  the  width  on  to^j  is  from  6  to  13  miles,  some  light  is  thrown 
upon  the  supposed  perpendicularity  of  these  caiion  walls,  and  the  nar- 
rowness of  their  defiles.  The  important  consideration,  however,  was, 
what  were  the  details  of  formation  that  would  affect  the  construction  of 
a  railway  in  order  to  take  advantage  of  the  easy  grades  offered  by  this 
water  conrse? 

No  attempt  had  been  made,  as  far  as  is  known,  iu  the  geological  sur- 
veys to  gather  and  put  on  record  any  detailed  information  as  to  the 
nature  and  formation  of  the  immediate  banks  of.  the  river,  or  in  other 
words  the  lower  100  to  200  feet  of  what  are  called  tlie  caiion  walls.  When 
the  question  was  to  be  settled  as  to  the  practicability  of  this  water-course 
as  a  railway  route,  it  therefore  became  necessary  to  make  a  complete 
examination  and  survey  at  the  bottom  of  the  caiions  along  the  river 
itself. 

The  subject  proper  will  be  divided  under  tw-o  heads : 

First. — The  preparations  and  outfit  necessary  for  such  a  work,  to- 
gether with  the  methods  employed  in  making  the  survey. 

Second. — The  results  obtained. 

In  the  spring  of  1889,  the  Denver,  Colorado  Caiion  and  Pacific  Rail- 
road Company  was  organized  for  the  purpose  of  making  a  preliminary 
survey  from  Grand  Juuction,  Colorado,  the  i^oint  where  the  Denver  and 
Rio  Grande  Railway  crosses  the  Grand  River,  down  the  Grand  and  Colo- 
rado rivers  to  tide-water  at  the  head  of  the  Gulf  of  California.  The 
promoter  of  this  project,  the  Hon.  Frank  M.  Brown,  of  Denver,  was 
made  President  of  the  company,  and  being  very  enthusiastic  on  the  sub- 
ject, determined  to  accompany  the  engineer  corps  on  all  the  surveys. 
President  Brown's  connection  with  this  expedition,  and  his  sad  andti'agic 
death  by  drowning  during  its  progress,  together  with  two  of  the  boatmen 
of  the  party,  in  the  following  July,  need  only  be  referred  to  here.  The 
causes  which  led  to  such  a  catastrophe  will  be  stated  farther  on. 

The  party  left  Denver  by  rail  the  22d  of  May  for  Green  River  Station, 
Utah,  where  had  been  gathered  together  the  boats,  supplies  and  necessary 
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outfit,  and  consisted — with  tlie  writer — of  sixteen  men:  four  instrument 
men,  one  photographer,  two  rodmen,  two  flagmen,  two  axemen,  and  one 
cook,  besides  President  Brown  and  two  guests  invited  to  accompany 
him. 

In  addition  to  the  various  duties  on  the  survey,  each  man  was 
expected  to  act  in  the  capacity  of  boatman  whenever  required,  and  as 
far  as  it  was  possible  was  chosen  with  this  end  in  view.  It  being  impos- 
sible to  transport  the  supplies  for  the  subsistence  of  the  men  in  any 
other  way,  President  Brown  had  fitted  out  in  all  six  boats  for  the  ex- 
pedition. Five  of  these  were  ordinary  clinker  built  cedar  hunting  boats, 
15  feet  in  length,  both  bow  and  stern  being  pointed  exactly  alike,  and 
decked  over  about  3  feet  back.  In  each  end  was  fitted  a  light  copper 
air-tight  compartment.  The  other  boat  was  a  common  board  skifi"  that 
had  been  useil  on  the  Grand  River  survey. 

Provisions  were  provided  for  three  months,  it  being  expected  to 
replenish  the  sui)plies  at  Lee's  Ferry,  and  at  Peach  Sjirings.  To  guard 
against  loss,  the  provisions  were  separated  into  five  parts,  packed  in 
<3anvas  sacks  and  so  placed  that  each  boat  contained  almost  exactly  the 
same  amount  of  every  article  of  food.  All  other  supplies,  instruments, 
€tc.,  were  divided  as  far  as  possible  in  the  same  manner,  except  the 
cooking  utensils,  which,  much  to  our  future  sorrow,  were  all  in  the  last 
or  "  cook  boat,"  and  were  nearly  all  lost  when  that  boat  went  to  jjieces 
in  the  rapids.  Everything  was  reduced  to  the  lowest  possible  weight. 
No  tents  or  shelters  of  any  kind  were  taken.  Each  man  was  allowed  10 
jjounds  of  extra  clothing  and  15  pounds  of  bedding.  A  complete  sup- 
ply of  medicines  was  carried,  in  triplicate,  and  packed  in  three  different 
boats.  For  the  purposes  of  the  survey  two  complete  sets  of  instruments, 
transits,  levels,  rods,  chains,  etc.,  were  taken;  besides  an  extra  transit 
■with  solar  attachment. 

While  outfitting  the  party  the  question  arose  how  most  efiectually  to 
do  the  work  so  as  to  clearly  present  the  results  not  only  to  engineers, 
but  to  capitalists  and  possible  investors. 

This  question  was  one  of  vital  import  on  account  of  the  fact  that  up 
to  this  time  the  cartons  of  the  Colorado  had  been  considered  not  only 
impracticable,  but  even  impossible,  for  railway  purposes,  on  account  of 
the  sujiposed  perpendicularity  of  their  walls. 

It  was  thei'efore  decided  to  add  a  new  assistant  to  the  corps  of  eugi; 
neers  in  the  form  of  a  photographer  with  a  duplicate  set  of  photographic 
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instruments  and  some  1  800  films  or  paper  rolls.  The  work  of  the 
photographer  in  the  actual  survey  will  be  more  fully  set  out  farther  on. 

The  survey  from  Grand  Junction  to  the  mouth  of  Grand  River  or 
head  of  the  Colorado  having  been  previously  completed  under  Mr. 
Prank  C.  Keudrick,  our  party,  on  the  25th  of  May,  embarked  on  the 
■Green  River,  the  main  bram-li  of  the  Colorado,  at  the  crossing  of  the 
Denver  and  Rio  Grande  Railway.  This  branch  was  chosen  for  the  pur- 
pose of  reaching  the  Colorado  on  account  of  there  being  but  one  bad 
rapid  in  a  distance  of  120  miles. 

Tliis  first  outfit  provided  for  the  expedition  was  defective  in  three 
points.  The  boats  were  totally  unfit  for  the  work  they  had  to  do,  no 
life  preservers  were  provided  for  the  men,  and  no  adequate  protection 
from  the  water  for  the  provisions.  When  it  is  understood  that  from  the 
point  where  we  embarked  to  the  gulf,  the  river  has  a  fall  of  over  4  500 
feet,  and  that  in  a  distance  of  less  than  500  miles  contains  520  rapids, 
<;ataract3  and  falls,  it  Avill  be  seen  that  these  defects  were  of  vital  import- 
ance to  the  success  or  failure  of  the  survey. 

We  reached  the  head  of  the  Colorado  May  29th,  and  on  the  30th  took 
up  the  survey  that  had  been  brought  down  the  Grand  River.  In  order 
to  make  clear  the  nature  of  the  work  and  the  necessity  for  an  entirely 
new  outfit  before  the  survey  could  be  completed,  it  will  be  proj^er  to 
briefly  relate  a  few  incidents  of  the  journey  from  the  1st  of  June  to  the 
middle  of  July.  On  the  1st  of  June  we  encountered  the  heavy  rapids 
of  Cataract  Canon.  It  was  but  a  few  days  till  our  cook  boat  was  jammed 
between  two  rocks  in  Rapid  No.  10,  and  nearly  all  of  the  cooking 
utensils  and  a  large  batch  of  supi3lies  lost  in  the  river.  Disaster  followed 
disaster.  All  of  our  boats  were  badly  damaged,  two  of  them  entirely 
gone. 

On  the  16th  of  June,  by  the  upsetting  of  the  l)oats  all  of  our  provi- 
sions were  lost  except  a  sack  and  a  half  of  flour,  a  little  coflPee,  sugar  and 
condensed  milk.  This  looked  very  desperate  for  a  party  of  sixteen 
hungry  men  in  such  a  country  as  the  heart  of  Cataract  Caiion.  The  next 
morning  President  Bi'own,  with  a  picked  boat's  crew,  started  for  the 
placer  mines,  some  35  or  40  miles  down  the  river,  to  procure  supplies. 
The  scarcity  of  provisions  and  the  separating  of  the  party  alarmed  the 
men,  and  the  greater  number  decided  to  desert  the  work  and  to  follow 
Mr.  Brown,  leaving,  as  they  did,  their  instruments  standing  upon  the 
■line.     Knowing  that  if  we  abandoned  the  survey  then  we  could  not 
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return  to  that  point  and  complete  it,  and  believing  that  the  -vi'ork  could 
be  completed  to  Dandy  Crossing  with  the  food  on  hand,  which  was- 
divided  equally  among  all  the  men,  the  writer  determined  not  to  leave, 
if  a  suflBcient  number  of  men  would  remain  to  assist  him.  The  first 
assistant,  Mr.  John  Hislop,  together  with  C.  W.  Potter,  one  of  the  flag- 
men, and  the  two  negro  servants,  Henry  C.  Richards  and  G.  W.  Gibson, 
the  cook,  volunteered  to  remain  and  continue  the  survey.  These  men 
deserve  special  mention  and  praise  for  the  faithful  and  uncomplaining 
manner  in  which  they  pushed  on  the  work  till  the  evening  of  the  20th. 
It  requires  more  than  ordinary  nerve  to  do  the  work  of  an  engineering 
party  over  such  a  country  with  only  about  one-tenth  the  amount  of  solid 
food  that  a  healthy  man  requires. 

On  the  evening  of  the  20th  the  party  was  met  by  a  relief  boat  with 
supj)lies  from  the  placer  mines,  and  soon  completed  the  survey  to  Dandy 
Crossing.  At  this  point  a  reorganization  of  the  force  and  work  was 
decided  iipon.  Mr.  W.  H.  Bush  was  left  with  one  party  to  carry  the 
survey  through  Glen  Caiion,  as  far  as  Lee's  Ferry.  President  Brown, 
the  writer,  the  photographer  and  five  men  with  three  of  the  cedar  boats 
started,  in  accordance  with  President  Brown's  desire,  to  make  a  rapid 
examination  of  the  lower  canons,  doing  no  instrumental  work  except 
that  with  the  camera.  This  advance  party  reached  Lee's  Ferry  July  2d, 
and  remained  seven  days  waiting  for  new  supplies.  July  9th  it  left 
Lee's  Ferry  and  entered  Marble  Canon.  The  next  day,  while  running 
Rapid  No.  108,  the  first  boat  was  uj^set,  and  in  less  than  two  minutes 
after  starting  from  the  shore  President  Brown  was  drowned.  He  had 
no  life  preserver  and  it  is  practically  impossible  for  one  to  swim  in  those 
surging  waters  without  some  such  assistance. 

Being  very  desirous  to  complete  the  work,  the  writer  concluded  to 
push  on,  even  then  not  fully  apjDreciating  the  utter  worthlessness  of  the 
boats  and  other  means  provided  for  making  such  a  journey.  On  July 
15th  another  accident  in  Rapid  No.  133  upset  one  of  the  boats,  and  the 
two  boatmen,  Peter  M.  Hausbrough  and  Henry  C.  Richard?,  -were  both 
drowned.  It  was  then  decided  to  abandon  the  attempt  to  go  farther 
down  the  river,  and  to  return  to  Denver,  every  one  of  the  party  determin- 
ing as  soon  as  a  new  and  proper  outfit  could  be  secured  to  again  take  up- 
the  work  and  complete  the  survey  through  the  caiions.  All  supplies, 
instruments,  etc.,  were  cached  in  a  marble  cave  about  40  miles  below 
Lee's  Ferry,  and  after  some  hard  climbing  out  of  the  gorge,  we  reached. 
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■the  Mormon  settlements  nortli  of  the  river,  and  on  the  27th  of  July  the 
xemnant  of  the  expedition  arrived  at  Denver. 

The  Second  Outfit. 

The  writer  immediately  set  about  preparing  for  a  second  expedition. 
Profiting  by  the  sad  experiences  of  the  summer  before,  the  new  outfit  was 
vastly  different  from  the  first.  From  special  plans,  the  R.  J.  Douglas 
Company,  of  Waukegan,  111.,  built  three  boats  for  this  second  expedition. 
They  were  entirely  of  oak,  22  feet  long,  4J  feet  beam  and  22  inches  deep. 
The  ribs  were  H  x  J  inches,  jjlaced  4  inches  apart  and  planked  with 
one-half-inch  oak,  with  butt  joints  calked  with  oakum,  the  whole  riveted 
together  with  copper  rivets.  Both  ends  were  built  exactly  alike,  decked 
over  3^  feet  back,  and  a  deck  6  inches  wide  ran  along  on  each  side.  At 
each  end  were  water-tight  lockers  for  storing  supplies,  above  these  under 
the  decks  air-tight  compartments  made  of  heavy  galvanized  iron,  and 
a,long  the  sides,  under  the  6-inch  decks,  were  placed  four  air-tight  tanks 
of  the  same  galvanized  iron.  These  side  tanks  extended  down  about  10 
inches  under  the  water  line  when  the  boats  were  fully  loaded.  Fitted  in 
this  way,  with  ten  separate  air-tight  compartments  in  each  boat,  it  was 
found,  even  in  the  roughest  water,  that  they  could  not  be  upset,  and 
-when  loaded  with  3  200  pounds  in  each  and  filled  with  water  they  would 
not  sink  (Plate  XXVII). 

The  boats  were  fitted  for  two  oarsmen  using  8-foot  oars,  and  steered 
with  a  12-foot  oar.  Along  each  side  was  fitted  a  strong  life  line.  To  the 
Toow  was  attached  one  short  20-foot  line  and  one  long  one  250  feet  for  the 
purpose  of  letting  the  boats  down  the  rapids  when  it  was  impossible 
to  run  them;  to  the  stern  was  one  50-foot  line,  all  of  them  five-eighths 
inches  in  diameter.  In  each  boat  was  carried  a  small  set  of  carjienters' 
tools,  coj)per  rivets,  nails,  screws,  oakum,  pitch  and  sheet  copper  for 
repairs. 

All  provisions,  clothing  and  supplies,  except  bedding,  canned  goods 
and  meat,  were  packed  in  forty-eight  heavy  rubber  bags  made  expressly  for 
this  expedition.  They  were  12  inches  in  diameter  and  20  inches  long,  with 
mouthpieces  16  inches  in  length  (Plate  XXVIII).  After  the  bag  was  filled 
this  mouthpiece  or  flap  was  folded  and  rolled  very  tight  and  laced  over 
with  strong  lace  cord;  over  them  was  then  fitted  a  strong  canvas  sack  to 
save  the  rubber  from  being  chafed.  These  bags  Avhen  laced  tight  were 
found  to  be  very  effective  in  excluding  the  water,  one  boatload  being 
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under  the  water  for  several  hours  without  injury.  Besides  these  rubber 
bags,  in  each  boat  were  fitted,  in  special  compartme'Qts  near  the  bow, 
two  5-gallon  kegs,  filled  with  rice,  beans,  sugar,  coffee,  etc. ;  this  as  a 
special  i^recaution  against  accident,  as  they  would  float,  while  the  bags 
would  sink.  As  before,  all  supjilies,  including  this  time  the  cooking 
utensils,  were  divided  equally  between  the  three  boats.  A  supply  of 
medicines,  rifles,  shot  guns,  ammunition,  etc.,  was  taken.  Expecting 
to  be  out  all  winter  four  small  tents  were  provided;  but  these  were  soon 
thrown  away  as  being  a  cumbersome  luxury.  On  account  of  the  winter 
weather  more  blankets,  overcoats  and  clothing  were  necessary.  Four 
months'  provisions  were  taken  at  the  start,  and  each  boat  carried  when 
fully  loaded  about  3  200  pounds,  besides  the  four  men.  A  false  bottom 
was  placed  in  the  boats,  under  which  all  canned  goods  were  j^acked  next 
to  the  keel,  with  the  salt  meats  and  hardware  in  the  lockers  at  each  end. 
Everything  was  so  packed  and  strajDped  to  the  boats  that  in  case  of  an 
upset  nothing  could  be  detached  unless  the  boat  was  completely 
smashed. 

The  new  photographic  supplies  consisted  of  two  6^  x  8|^-inch 
cameras  and  one  4  x  5-inch  detective  instrument,  and  2  000  films  in  roUa 
with  extra  roll  holders.  Each  roll  of  films  was  soldered  tij)  in  a  tin  box 
and  these  packed  in  the  rubber  bags.  As  each  roll  was  ex^Dosed  it  was 
again  soldered  up  in  the  tin  boxes  and  the  duplicates  carried  in  sei)arate 
boats.  All  necessary  instruments,  transits,  levels,  rods,  barometers 
and  thermometers  were,  of  course,  supplied.  The  best  cork  life  pre- 
servers were  provided  for  all  the  men,  and  they  were  required  to  Avear 
them  whenever  on  the  water.  These  life  preservers  proved  of  greatest 
service.  Mr.  John  Hisloja,  the  first  assistant,  and  the  writer  were  both 
thrown  from  their  boats  while  running  the  rapids,  and  their  lives  only 
saved  by  such  assistance. 

The  party  consisted  of  twelve  men  in  all  :  Mr.  John  Hislop,  first 
assistant  ;  Mr.  Harry  McDonald,  Mr.  Langdon  Gibson,  Mr.  Elmer 
Kane,  Mr.  F.  A.  Nims,  photographer  ;  Mr.  Keginald  Travers,  Mr.  W. 
H.  Edwards,  Mr.  A.  B.  Twining,  Mr.  H.  G.  Ballard,  Mr.  L.  G.  Brown, 
Mr.  James  Hogue. 

Only  six,  besides  the  writer,  went  through  the  canons  to  the  end  of 
the  journey.  Mr.  Nims,  photographer,  broke  his  leg  January  1st,  1890, 
and  was  left  at  Lee's  Ferry  ;  McDonald  left  of  his  own  accord  in  Feb- 
ruary, after  reaching  the  Grand  Canon  ;  Twining,  Brown  and  Hogue, 
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having  lost  their  boat,  were  sent  out  at  Peach  Springs.  The  men 
remaining  were  chosen  for  the  double  duty  of  an  engineer  corps  and  as 
boatmen  to  navigate  the  river. 

This  second  expedition  was  completely  siaccessful  in  every  ^\ay, 
accomplishing  the  journey  to  the  gulf  without  disastrous  mishap.  To 
avoid  the  unnecessary  hardships  of  Cataract  Canon,  the  boats  were 
hauled  by  wagon  120  miles  from  Green  River  Station  to  the  mouth  of 
Crescent  Creek,  4  miles  above  Dandy  Crossing.  The  expedition  em- 
barked December  10th,  reached  the  mouth  of  Diamond  Creek  March  1st, 
emerged  at  the  lower  end  of  Grand  Carion  March  17th,  reached  the 
end  of  the  survey  at  tide-water  April  26th,  and  returning  to  Yuma  was 
disbanded  on  April  30th.  One  boat  was  completely  destroyed  in  Eapid 
No.  249  ;  but  only  two  sacks  of  provisions  were  lost  in  the  whole 
journey. 

Thus  had  the  two  expeditions,  considered  as  one,  traveled  by  boat 
a  distance  of  over  1  400  miles,  had  passed  over — running  nearly  all  of 
them — 520  rapids,  falls  and  cataracts  in  less  than  500  miles,  making  a 
total  fall  of  4  500  feet,  and  had  passed  successfully  through  the  dark 
caiaons  of  one  of  the  most  tempestuous  rivers  of  the  world. 

Methods  Employed  in  Making  the  Survey. 

The  maps  of  the  Government  Geological  Survey  gave  the  general 
course  and  length  of  the  river,  its  fall  by  sections,  and  all  the  general 
information  required.  What  was  needed,  however,  to  settle  the  practi- 
cability of  this  as  a  railway  route,  was  detailed  information  upon  the 
alignment  and  fall  of  the  river,  the  nature  and  material  of  which  its 
banks  were  formed,  and  careful  inspection  of  the  lower  100  or  200  feet 
of  the  canon  walls.  It  will  be  readily  seen  that  much  of  the  work 
usually  done  on  a  preliminary  survey  might  be  dispensed  with,  and 
much  other  work  of  a  very  different  character  would  be  required. 

For  the  purposes  of  right  of  way,  a  continuous  transit  line  was  run 
for  the  first  355  miles.  Over  600  miles  of  transit  line  was  run  altogether. 
Such  work  was  done  at  all  points  where  there  was  any  question  as  to 
possible  difficulty  of  curvature.  Where  long  stretches  of  the  river  occur- 
red with  slight  curvature,  such  work  was  not  thought  necessary. 

All  measurements  were  made  by  stadia,  and  triangulation.  On  all 
transit  lines  run  contour  topography  was  sketched.  Levels  were  only 
taken  at  points  where  excessive  fall  in  the  river  required  a  settlement 
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of  tlie  question  of  grade,  or  at  i^oints  where  the  line  Avould  require 
sharper  grades  to  cross  long  bends  or  rise  from  one  ledge  to  another. 
Where  the  average  fall  of  the  river  did  not  exceed  10  to  12  feet  per 
mile,  and  there  did  not  occur  any  reason  why  a  road-bed  should  not 
follow  nearly  parallel  with  high  water  mark,  no  such  work  seemed  to 
be  required.  For  a  very  large  proportion  of  the  whole  distance  there 
was  no  difficulty  in  the  way  of  running  a  line  along  the  shore  in  the 
usual  way  without  the  use  of  boats.  This  will  be  readily  seen  by  an 
inspection  of  the  photographs.  At  other  points  the  work  could  only  be 
accomplished  with  the  help  of  the  boats. 

In  those  portions  of  the  river  where  the  rapids  were  heavy  and  thick, 
it  was  the  usual  method  to  take  the  boats  ahead,  make  camp,  and  return 
along  the  shore  for  the  line,  which  was  carried  ahead  of  the  camp.  In 
the  smooth  portions  of  the  river,  in  Narrow  Caiion,  all  through  Glen 
•Canon,  and  on  the  lower  river  below  the  caiions,  the  first  boat  carried 
the  front  flagman  ahead,  the  second  boat  brought  the  transitman  and 
photographer  up  to  the  nest  station,  and  the  third  boat  assisted  the  topog- 
rapher and  did  other  special  work.  Permanent  backsights  were  set  up 
at  all  turning  points.  On  some  occasions  when  for  special  reasons  only 
one  boat  could  be  used  many  devices  by  triangulation,  not  necessary  to 
be  described,  were  employed  to  carry  on  an  accurate  line. 

Careful  readings  of  the  barometer  and  thermometer  were  taken 
three  times  each  day.  n  addition  to  the  usual  notes  kept  by  the 
transitman,  leveler  and  topographer,  the  writer  kept  an  extensive  series 
of  notes,  as  much  in  detail  as  possible.  Besides  a  record  of  all  the 
work  done  upon  the  river,  these  notes  covered  a  careful  description  of 
«ach  section  of  the  shore  line  (connected  by  numbers  with  each  of  the 
photographs  as  taken),  its  form  and  general  appearance,  with  numerous 
sketches  showing  cross-sections  and  peculiar  forms,  requiring  special 
work,  careful  classification  of  all  material  in  each  section,  a  record  of 
■every  waterway  required,  from  10  feet  opening  up,  with  a  general 
descripti.  n  of  the  whole  country,  and  its  bearing  upon  a  railroad  line 
as  to  its  grade,  alignment,  methods  of  construction,  nature  of  the  road- 
bed, and  requirements  for  maintaining  the  permanent  way.  These  notes 
cover  nearly  two  thousand  pages.  The  system  adopted  for  classifi- 
cation was  not  that  generally  used  on  construction,  as  no  estimate  Avas 
possible  or  necessary  in  cubic  yards,  but  a  classification  into  kinds  or 
classes  of  work.      For  example:  Level  bottom  lands,    hillside  slopes, 
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rough  talus  slopes,  smooth,  solid  rock  slopes,  cliff  bench  work,  heavy 
through  rock  cuts,  heavy  embankments,  rock  bluffs,  tunnels,  vertical 
cliffs  and  half  tunnels. 

It  is  believed  that  this  classification,  with  the  numerous  photographs, 
will  give  a  clear  understanding  of  the  whole  nature  of  the  work. 

This  brings  up  for  consideration  one  of  the  most  important  features 
of  the  survey.  While  photography  had  been  used  in  many  ways  to 
illustrate  engineering  works,  it  is  believed  that  never  before  had  the 
camera  taken  so  active  and  important  a  part  in  making  a  preliminary 
railway  survey  and  exploration  through  a  hitherto  almost  unknown 
land.  As  intimated  above,  the  object  to  be  attained  was  to  bring  back 
indisputable  evidence  of  the  nature  and  possibilities  of  a  country  prac- 
tically inaccessible  except  through  dangers  to  both  life  aud  limb.  The 
process  was  very  simple.  Photographs  were  taken  in  such  number  all 
along  the  line  as  to  show  almost  a  complete  i^anorama  of  the  river 
banks  and  the  walls  of  the  caiions,  from*  the  head  of  the  Colorado  to 
the  Gulf  of  California.  Through  the  most  difficult  portions  these  pic- 
tures were  taken  so  as  to  overlap  each  other  and  leave  no  detail  of  diffi- 
cult construction  without  its  negative  to  supplement  aud  demonstrate 
the  notes  and  opinions  of  the  engineers.  This  continuous  panorama 
w^as  not  carried  out  in  full  over  the  whole  distance  for  several  reasons. 
During  the  stampede  of  the  first  expedition,  only  a  few  photographs 
were  taken  in  the  lower  Cataract  and  Narrow  canons.  The  work  there, 
however,  being  so  uniform  in  its  character,  the  pictures  taken  fully 
illustrated  the  work  when  used  in  connection  with  the  instrumental  and 
other  notes.  On  the  lower  river,  where,  for  miles  at  a  time,  the  line 
would  run  over  identically  the  same  formation,  pictures  were  taken  less 
frequently. 

About  2  200  negatives  were  taken  in  all,  most  of  them  in  duialicate 
and  some  in  triplicate.  Xearly  1  000  views  were  secured  that  illustrated 
the  route.  These  views,  arranged  in  their  order,  noted  on  the  maps,  and 
connected  by  numbers  with  all  notes,  are  of  such  value  as  not  only  to 
convince  the  most  incredulous  of  the  entire  practicability  of  the  route, 
but  also  cover  the  line  so  in  detail  that,  with  the  notes  of  distances  and 
classification,  will  enable  engineers  anywhere,  familiar  with  rough 
mountain  construction,  to  make  as  correct  an  approximate  estimate  of 
the  cost  of  such  a  road  as  can  those  who  accompanied  the  expeditions. 

It  is  a  notable  fact  that  while  the  President  of  the  Company  and  two 
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boatmen  were  drowned,  provisions,  instruments  and  boats  destroyed,, 
not  a  single  negative  was  lost  in  the  river.'  Of  course,  special  care  was 
taken  to  preserve  tliem;  yet  it  is  almost  marvelous  that  during  the  many 
disasters  and  mishaps,  this  most  valuable  evidence  was  kept  from  even 
being  wet.  As  noted,  the  photographer,  Mr.  Nims,  who  did  all  such 
work  down  to  the  middle  of  Marble  Carton,  fell  January  1st  and  broke 
his  leg.  No  other  man  in  the  party  had  ever  taken  a  photograph.  It 
was  with  much  anxiety  and  misgiving,  on  account  of  the  importance  of 
securing  pictures  of  the  Grand  Caiion,  which  was  still  below,  and  the 
most  important  section  of  the  river,  and  the  utter  impossibility  of  secur- 
ing in  time  another  professional  oiierator,  that  the  writer  undertook  the 
work;   for  he  had  never  before  as  much  as  focused  a  camera. 

It  may  not  be  out  of  place  to  note  here,  that  while  exposing  his  first 
negative,  and  while  in  the  act  of  dashing  his  hat  upon  the  ground  and 
tearing  his  hair  in  his  excitement  and  perhaps  rage  at  his  complicated 
situation,  the  cook  took  a  snap  shot  at  him  with  the  "detective"  and 
preserved  for  his  future  contemplation  the  absurd  picture  he  was  making 
of  himself.  Twelve  hundred  exj^osures  were  made  without  his  being 
able  to  see  a  single  developed  negative,  as  all  such  work  was  done  after- 
ward in  Denver,  but  it  is  gratifying  to  state  that  out  of  the  whole  num- 
ber taken  only  about  10  per  cent,  were  not  clear  pictures,  and  this  10 
per  cent,  were  sufficiently  clear  to  be  used  to  illustrate  the  survey. 

The  first  work  done  on  starting  the  survey  at  the  head  of  the  Colo- 
rado, was  to  establish  a  true  meridian.  This  was  done  at  various  points 
for  the  purjaose  of  checking  the  instrumental  work.  The  results  were 
very  satisfactory,  and  reflect  much  credit  upon  Mr.  John  Hislop  and. 
Mr.  W.  H.  Bush,  for  the  accxiracy  with  which  they  handled  their  instru- 
ments under  so  many  trying  circumstances. 

It  may  not  be  out  of  place  to  record  one  experience  of  the  writer's 
peculiar  to  the  depths  of  these  wild  gorges.  It  was  the  burden  of 
anxiety  ever  pressing  upon  him  that  a  mile  might  be  passed  over  and 
important  features  not  be  sufficiently  observed  and  noted  at  the  time, 
for  the  reason  that  while  in  his  many  experiences  in  exploration  in  the 
Bocky  Mountains,  if  an  item  or  two  were  forgotten,  it  was  but  a  matter 
of  a  day  and  some  hard  climbing  to  correct  the  error,  yet  here  in  these 
awful  caiions,  with  death  staring  the  party  in  the  face  at  almost  every 
rapid,  it  was  impossible  to  return.  And  especially  was  this  the  case  in 
the  winter,  when,  while  the  wild  flowers  were  in  bloom  in  the  valley  be- 
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low,  tlie  plateau  above  was  covered  with  from  3  to  G  feet  of  snow,  and  in 
case  of  loss  of  provisions,  worse  than  death  was  in  store  for  those  who 
attempted  to  retreat. 

In  the  description  of  the  river  line  and  nature  of  the  country, 
the  names  and  divisions  of  the  cailons  will  be  used  as  adopted  in  tho 
Government  rejiorts.  The  river  course  is  divided  into  various  caiions, 
though  these  divisions  are  entirely  arbitrary.  No  natural  marks  of 
separation  exist,  except  at  the  end  of  Glen  Caiion,  at  the  crossing  of  the 
river  known  as  Lee's  Ferry. 

The  Eestjlts  of  the  Survey. 

The  whole  subject  under  consideration  has  been  divided  under  two 
general  heads: 

First. — The  feasibility  and  practicability  of  the  route  for  a  railway 
line. 

Second. — The  advisability  of  such  a  railway. 

For  the  purposes  of  this  paper  only  the  first  of  these  will  be  consid- 
ered at  any  length. 

Under  the  first  general  head  are  the  following  subdivisions: 
A — Detailed  description  of  the  line,  giving  the  nature  and  character  of 
the  material  encountered  along  the  river  banks. 

(1)  The  Grand  River  Division,  from  Grand  Junction  to  the  head  of 

the  Colorado. 

(2)  The  Cataract  and  Narrow  Caiions,  from  the  head  of  the  Colo- 

rado to  Dandy  Crossing. 

(3)  The  Glen  Caflon,  from  Dandy  Crossing  to  Lee's  Ferry. 

(4)  The  Marble  Caiion,  from  Lee's  Ferry  to  the  Little  Colorado. 

(5)  The  Grand   Caiion,  from   the  Little   Colorado   to   the   Grand 

Wash. 

(6)  From  the  Grand  Wash  to  the  mouth  of  the  Eio  Virgin. 

(7)  From  the  Rio  Virgin  to  the  Las  Vegas  Wash. 

(8)  From  Las  Vegas  Wash  to  The  Needles. 

(9)  From  The  Needles  to  the  Town  of  Yuma. 

(10)  From  Yuma  to  the  head  of  the  Gulf  of  California. 
B — Statement  in  tabulated  form  of  the  results  of  this  detailed  survey. 
G — Methods  of  handling  such  a  work  in  so  difficult  and  inaccessible  a 
country. 


302  STANTON"   ON   CA:RONS  OF  THE   COLORADO. 

D — The  nature  of  the  line  itself. 

(1)  The  grades. 

(2)  The  alignment. 

(3)  The  distances. 

(4)  Maintenance  of  the  permanent  way. 

(1)  The  Grand  Rivek  Division. 

From  the  notes  and  maps  furnished  by  Assistant  Engineer  Kendrick 
the  following  statements  of  this  division  are  compiled. 

It  must  be  borne  in  mind  that  during  the  survey  down  the  Grand 
River  no  photograi)hs  were  taken.  The  general  class  of  work  being 
known,  however,  it  can  be  well  illustrated  by  pictures  taken  further 
down  the  river. 

From  Grand  Junction  the  line  follows  parallel  with  the  Rio  Grande 
Western  Railway  down  the  valley  of  the  river  13 J  miles,  when  it  turns 
due  west,  and  in  less  than  two  miles  reaches  the  bank  of  the  river.  Fol- 
lowing along  the  right  bank  of  the  river,  on  alternate  stretches  of  bottom 
land  and  hillside  slopes  of  talus  (loose  and  solid  rock),  to  a  point  about 
22  miles  from  the  beginning,  the  line  crosses  Grand  River,  and  in  cut- 
ting off  a  long  bend  uses  the  first  and  longest  tunnel  on  this  division. 
This  tunnel  would  be  5  900  feet  long  and  save  a  distance  of  nearly  4 
miles  of  heavy  work.  Keeping,  then,  upon  the  left  bank  of  the  river, 
there  follows  the  same  succession  of  bottom  lands,  hillside  slopes  and 
talus  of  loose  rock,  with  occasional  rock  bluffs  and  short  cliffs  requir- 
ing heavy  work. 

Beyond  here  the  river  enters  the  Granite  Caiion  of  Grand  River. 
Mr.  Kendrick  did  not  make  his  survey  through  this  gorge,  but  fol- 
lowed the  high  plateau  over  which  the  Rio  Grande  Western  Railway 
runs  to  the  neighborhood  of  the  "Sisco  Pumphouse."  A  final  lo- 
cated line  would,  however,  pass  through  this  Granite  gorge.  From  the 
point  opposite  the  Sisco  Pumphouse  the  survey  followed  the  bank  of 
the  river,  the  work  being  heavier  with  an  increased  jjroportion  of  solid 
rock  excavation,  and  a  second  tunnel  of  3  000  feet,  cutting  off  another 
long  bend  of  the  river.  Seventy-five  miles  from  the  starting  point 
the  Little  Castle  Valley,  a  rich  agricultural  district,  is  reached.  Through 
this  valley  there  are  10  miles  of  earthwork.  For  15  miles  farther 
on  are  found  the  same  hillside  slopes  and  talus  of  earth  and  loose  rocks, 
and  points  of  cliff  and  solid  rock  bluffs.     The  nature  of  these  slopes 


STANTON  ON    CA;5^0NS    OF   THE   COLORADO. 


303 


■will  be  more  particularly  tlescribeil  and  illustrated  by  photograplis  later 
on.  The  line  jjasses  the  Little  Grand  Valley,  another  farming  district, 
beyond  which,  and  nearly  all  the  way  to  the  head  of  the  Colorado,  the 
Grand  Eiver  is  much  more  tortuous,  and  there  are  long  bends  return- 
ing upon  themselves.  A  succession  of  four  tunnels,  respectively  3  200 
feet,  3  000  feet,  4  000  and  2  700  feet  in  length,  with  the  two  tunnels 
described  above,  and  aggregating  infu  miles,  save  a  total  distance  of  23^ 
miles.  In  the  last  36  miles  of  the  Grand  River  Division  there  are  6 
miles  of  bottom  lands,  and  a  large  proportion  of  light  hillside  work  of 
earth  and  loose  rock,  given  in  Mr.  Kendrick's  estimate  as  "pick  and 
shovel  work." 

Table  of  Classification    in    Miles    from  Grand  Junction  to  the 
Colorado  River. 


Distance 
Miles. 


36.323 
19.273 
61.035 

6.206 
13.040 

4.110 


Genebal  Character  of  Work. 


Level  bottom  land,  earth,  gravel,  etc 

Hillside  slopes,  E.  &  L.  R 

Rough  talus  slopes,  L.  R.  &  S.  R 

Solid  rock  slopes 

Granite  walls 

Tunnels 


Total 


Characteristic  photo- 
graphs illuslrating 
each  class  of  work. 


Nos.  25  and  33 

Nos.  40  and  48 

Nos.  52  and  69 

No.    91 

(See     Grand    Canon 
\     Pictures. 


Note. — Photographs  selected  from  those  taken  on  the  Colorado. 

It  would  be  impossible  in  such  a  paper  as  this  to  reproduce  all  the 
photographs  whose  numbers  are  used  to  illustrate  these  tables,  much 
less  the  900  or  1  000  views  accompanying  the  writer's  report  to  the  rail- 
way company.  As  soon  as  it  can  be  j)rej)ared  it  is  the  intention  of  the 
writer  to  present  to  the  Society  an  album  of  all  these  views  for  preser- 
vation in  its  library.  These  views  will  be  arranged  in  order  and 
numbered  correspondingly  to  the  numbers  given  here. 

As  stated  above  under  the  description  of  the  methods  employed,  the 
measurements,  notes  and  descriptions  of  the  route  along  the  Colorado 
were  taken  so  as  to  show  the  nature  of  river  bank  or  caiion  wall,  and  the 
class  of  material  of  which  it  was  composed  for  each  100  feet,  if  any 
change  in  its  character  or  form  occurred  so  often,  and  at  each  point 
where  such  change  was  noted,  one  or  more  photographs  were  taken  to 
completely  illustrate  it.     These  notes,  covering  nearly  2  GOO  pages,  were 
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then  tabulated,  giving  the  length  of  each  piece  of  work,  and  different 
class  of  work,  in  the  order  of  their  occurrence,  in  this  form,  starting  at 
the  head  of  Cataract  Caiion  : 

21  050  feet  level  bottom  land. 

2  400  feet  rough  slopes,  L.  and  S.  E. 

2  700  feet  heavy  embankment  under  cliff. 

13  400  feet  hillside  slopes. 

4  000  feet  level  bottom  land. 

These  tables  covered  many  pages.  They  are  not  necessary,  in  so  de- 
tailed a  form,  to  the  understanding  of  the  subject,  and  will  only  be  given 
here  in  condensed  tabulated  form,  with  general  descriptions  of  the  more 
marked  characteristics  of  the  several  caiions  and  subdivisions. 

(2)  The  Cataract  and  Nakkow  Canons. 
The  length  of  this  division,  from  the  head  of  the  Colorado  to  Dandy 
Crossing,  is  54,214  miles. 

Condensed  Table  of  Classification  in  Miles,  Catakact  and  Narrow 

Canons. 


Miles. 


General  Character  of  Work. 


Characteristic  photo- 
graphs illustrating 
each  class  of  work. 


11.543  : Level  bottomland 

5.436  I  Hillside  slopes,  E.  &  L.  R 

14.545  :  Rough  slopes,  L.  R.  &  S.  R 

2.557  I  Solid  rock  slopes 

19.110  Cliff  bench  work 

.739  Heavy  embankment  under  cliff. 

.284  Tunnel 


54.214 


Total 


Nos.  39  and  114 
Nos.  48  and  78 
Nos.  52  and  69 
No.  106 

Nos.  85  and  90 
No.    44 


Some  marked  characteristics  in  this  division  deserve  special  notice. 

1st.  The  large  amount  of  bottom  lands  consist  of  flats  formed  at  the 
bottom  or  foot  of  the  generally  sloping  walls.  They  are  composed  of 
earth  gravel  and  small  loose  rock.  In  places  large  detached  rocks  from 
the  cliffs  above  lie  upon  these  flats,  but  not  to  such  an  extent  as  to 
change  their  character  from  that  of  earthwork  (Plate  XXIX).  See 
Photos.  30  to  38.* 

2d.  The  "Hillside  Slopes  "  are  formed  of  the  same  materials,  with  a 

*The  photographs  referred  to  tLroughout  are  to  be  deposited  at  the  house  of  the  Am- 
erican Society  of  Civil  Eugiucers  for  reference. 
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larger  iDroportiou  of  loose  rock.     lu  many  cases  these  slopes  are  simply 
decomposed  and  broken  rock  covering  a  slope  of  the  original  formation 
of  stratified  rock  in  i>lace.     This  is  of  the  "softer"  sandstone,   and 
generally  in  horizontal  layers.     See  Photos.  77  to  78. 
A  cross-section  in  this  formation  is  thus  shown: 


At  other  points  the  earth  and  loose  rock  compose  the  whole  slope, 
but  are  well  cemented  together,  and  would  form  a  secure  and  solid 
roadway.     See  Photos.  70  to  76. 

3d.  The  "Kough  Slopes"  are  of  the  same  nature,  but  formed  of 
much  more  coarsely  broken  rock  and  boulders. 

4th.  At  but  one  point  on  this  division  does  there  occur  any  really 
perpendicular  cliff  that  interferes  with  the  railroad  line.  This  is  passed 
by  the  1  500-foot  tunnel. 

5th.  Beyond  this  tunnel  point  the  character  of  the  canon  walls 
changes  entirely.  The  gorge  is  mixch  narrower,  and  in  many  places  the 
cliffs  rise  vertically  from  the  water,  and  frequently  overhang  from  10  to 
30  feet.  They  vary  from  20  to  80  feet  in  height  from  low  water  to  the 
first  bench,  and  above  this  is  a  slope  to  the  next  cliff,  which  varies  in 
height  as  the  one  below.  These  slopes  or  benches  are  of  different  widths, 
generally  about  50  feet  wide. 

The  rock  is  a  very  hard  sandstone  above,  with  limestone  ledges  next 
to  the  river.  Occasionally  two  or  more  benches  are  broken  together, 
forming  a  slope  down  to  the  water.  This  character  of  "cliff  bench 
work  "  predominates  through  the  remainder  of  Cataract  and  Narrow 
carions. 

For  a  distance  of  nearly  6j  miles  the  canon  is  narrow,  from  250  to  450 
feet  between  lower  walls.  The  benches  have  generally  low  cliffs — 25  to 
40  feet — between  them,  the  first  rising  directly  from  the  water's  edge. 
These  cliffs  are  mostly  of  solid,  hard  limestone.  In  places  the  cliffs  are 
ragged  and  broken  into  points,  and  occasionally  stand  out  into  the  river 
in  bold  bluffs;  these  will  require  to  be  blasted  away  and  thrown  into  the 
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river.  See  Photos.  Nos.  87,  88,  89  and  90.  In  a  few  places  the  second 
and  third  benches  are  broken  down,  so  that  the  first  bench  is  very  wide 
and  the  line  would  be  located  well  back  from  the  river. 

6th.  At  the  lower  end  of  Narrow  Caiion  a  new  formation  comes  in. 
The  limestone  has  sunken  under  the  river,  and  a  massive  red  sandstone 
forms  smooth,  naked  slopes.  This  first  occurs  opposite  the  mouth  of 
the  Dirty  Devil  River.     See  Photos.  Nos.  100  and  101. 

High  and  Low  Watee. 

From  the  head  of  the  Colorado  to  Dandy  Crossing  the  difference  be- 
tween high  and  low  water  mark  varies  from  25  to  60  feet,  and  perhaps  in 
places  even  more  than  this,  the  greatest  difference  being,  of  course,  in 
the  narrow  parts  of  the  Cataract  and  in  the  Narrow  canons.  In  those 
portions  where  the  walls  stand  vertically  from  the  water,  the  exact  high 
■water  mark  is  hard  to  determine.  From  the  very  nature  of  the  case, 
however,  this  point  is  almost  entirely  l^elow  the  lower  edge  of  the  first 
bench;  for  the  extreme  rise  is  caused  by  the  extreme  narrowness  of  the 
bottom  gorge,  and  the  perpendicularity  of  its  walls.  The  railway  line 
being  necessarily  here  located  on  the  upper  jjart  of  the  fii'st  bench,  and 
in  some  places  on  the  second,  in  this  narrow  portion  will  be  w^ell  above 
high  water,  and  for  nearly  the  whole  distance  lajaon  a  solid  rock  road-bed 
not  affected  by  the  rise  and  fall  of  the  river. 

(3)  Glen  Canon. 

This  division  has  some  peculiar  features  not  found  anywhere  else  on 
the  whole  route.  It  will  therefore  be  best  to  explain  its  characteristics 
before  giving  the  detailed  table  of  classification. 

First. — The  average  fall  per  mile  of  the  river  in  Glen  Caiion,  that  of 
2 .  17  feet,  is  less  than  in  any  other  portion  above  the  mouth  of  the  Las 
Vegas  Wash. 

Second. — This  light  fall  has  formed  for  the  greater  part  of  the  wa^'  a 
very  wide  channel,  in  places  as  much  as  1  800  feet,  and  has  allowed  the 
formation  of  a  large  amount  of  bottom  land.  These  flats  or  bottoms 
are  very  extensive  and  in  many  places  very  wide.  They  are  above  all 
ordinary  high  water,  and  it  is  believed  above  extreme  high  water  at  this 
time.  On  account  of  the  excessive  crookedness  of  the  river  in  this  caiion 
some  of  these  flats  are  peculiarly  situated.     Sketch  made  June  29th  illus- 
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tratesthis — the  flat  being  at  the  extreme  end  of  the  long  bends.  Others 
extend  from  1  to  5  miles  in  length  in  straight  lines  and  gentle  curves. 
These  flats  are  all  earth-plow  and  scraper  work.  See  Photos.  Nos.  134 
and  135. 

Third. — Through  nearly  all  of  Glen  Canon  the  walls  are  of  a  massive 
red  sandstone  standing  in  vertical  cliflfs.     For  many  miles  under  these 


cliffs  there  is  a  high,  solid  and  permanent  talus.  This  is  a  true  talus, 
composed  entirely  of  broken  rock,  but  on  account  of  the  extreme  width 
of  the  river,  and  its  gentle  fall  is  perfectly  secure  and  adapted  for  a 
secure  road-bed.  In  the  lower  part  of  this  caiion  the  river  is  very 
tortuous  and  in  places  has  washed  away  the  talus,  and  it  becomes  neces- 
sary to  build  a  roadway  at  the  foot  of  the  clift'  in  the  river. 


Fonrth. — On  account  of  this  extreme  crooked  course  of  the  river  in 
Glen  Gallon,  it  is  necessary,  in  order  to  locate  a  good  line,  to  use  a  large- 
number  of  tunnels.  The  survey  was  made  following  the  river  bank  and 
the  tunnels  located  by  j^latting.  In  this  way  two  lines  were  estimated;  the 
first  requiring  seventeen  tunnels  ranging  from  200  to  4  640  feet  in  length,. 
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and  the  second  or  alternative  line  having  nineteen  tunnels  ranging  from 
200  to  6  600  feet  in  length,  this  last  line  making  a  saving  of  18^  miles 
in  distance.  The  nature  of  these  two  lines  in  this  respect  is  well  illus- 
trated by  the  sketch  on  page  307. 

Which  of  these  two  lines  is  the  better  can  only  be  determined  by  a 
careful  location  and  a  proj^er  comparison  of  estimates  in  dollars  and 
cents.  The  tunnels  would  be  through  the  massive  red  sandstone,  soft 
•enough  to  make  cheap  work,  and  yet  hard  enough,  as  is  shown  by  the 
vertical  eliflfs,  to  stand  for  many  years  without  requiring  either  timber- 
ing or  arching.  As  bearing  materially  upon  both  the  cost  of  construc- 
tion, and  the  maintenance  of  such  a  line,  the  following  condensed 
tables  are  given  of  classification  of  both  main  and  alternative  lines  and 
comparison  of  tunnels: 
From  Dandy  Crossing  to  Lee's  Ferry  by  main  surveyed 

line 156.580  miles. 

By  alternative  "  B  " 138.100      " 

Condensed  Table  of  Classification — Glen  Canon. 


Miles. 

Geneeal  Character  op  Work. 

Characteristic  photo- 
graphs illustrating 
each  class  of  work. 

57.270 

Nos.  134,212. 

10.928 
55.926 

Hillside  slopes,  E.  &  L.  R 

Rough  talus  sloiJBS,  L.  &  S.  K 

"    141,155,174. 
"     178,  233. 

21.284 

"    179,  318. 

6.553 

"     209,  210. 

.501 

"    197,  260. 

4.118 

Tunnels  (17)            

"    241,  242. 

156.580 

Total. 

Alternative  Line  "  B  " — Glen  CaSon. 


Miles. 


47.576 
10.473 
45.519 
17.812 
5.417 
.445 
10.858 


138.100 


General  Character  of  Work. 


Level  bottom  land 

Hillside  slopes,  E.  &  L.  R 

Rough  talus  slopes,  L.  &  S   R 

Solid  rock  slopes  and  bhitt'a 

Heavy  emabankment  under  clififs 

Heavy  through  rock  cuts , 

Tunnels  (19) 


Total,  making  a  saving  of  18>i  miles  by  using  longer 
tunnels. 


Characteristic  photo- 
graphs illustrating 
each  class  of  work. 


Nos.  134,  212. 

"  141,  155,  174. 

"  178,  233. 

"  179,  318. 

"  209,  210. 

"  197,  260. 

"  241,  242. 
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Length  of  Tunnels— Glen  CAJfoN. 


Surveyed  line — length  in  feet. 

Alternative  Line  "B." — Length  in  feet. 

1 

300 

1 

300 

c<-i 

2 

500 

2 

500 

O 

3 

1000 

3 

6  600 

a; 

4 

550 

4 

4  000 

a 

5 

1500 

5 

4  500 

a 

6 

4  000 

6 

4  000 

"^  en 

7 

200 

7 

200 

<s^ 

8 

800 

8 

800 

5a 

9 

6  000 

bc-ct 

!         10 

4  600 

floo 

9 

1000 

11 

1  000 

10 

350 

12 

350 

^^ 

11 

300 

13 

2  640 

12 

700 

14 

5  300 

1§ 

13 

4  640 

1         15 

4  640 

g;3 

14 

600 

1         16 

600 

15 

IG 

500 
1500 

1 
f     17 

5  300 

o 

0 

.... 

18 

2  000 

CO 

17 

3  300 

19 

4  000 

P 

4 

.  118  miles. 

10.858  miles. 

In  concluding  the  notes  on  Glen  Caiion  two  points  deserve  special 
mention.  For  about  one-half  of  the  45  to  55  miles  of  "rough  talus 
elopes  "  in  the  estimate,  the  massive  red  sandstone  stands  up  above  the 
second  stratum  of  softer  rock,  and  this  forms  a  slope  at  about  45  degrees 
of  thin  horizontal  layers  of  sandstone  in  place,  only  covered  with  a  few- 
feet  of  debris  from  above,  thus  reducing  largely  the  amount  of  em- 
bankment to  be  protected  from  the  river.     See  Photos.  Nos.  173  to  179. 

The  great  width  of  this  cauon  reduces  the  difference  between  high 
and  low  water  to  a  minimum.     It  varies  from  6  to  30  feet. 


(4)  Mabble  Canon. 

Through  Marble  Caiion,  and  all  the  rest  of  the  route  to  the  gulf,  the 
dividing  lines  between  the  different  classes  of  work  are  not  so  distinctly 
drawn  as  in  the  caiions  above,  as  can  readily  be  seen  from  the  photo- 
graphs. The  classification  was  therefore  divided  directly,  as  near  as 
possible,  into  miles  and  parts  of  miles. 
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The  distance  from  Lee's  Ferry  to  the  Colorado  Chiqueto,  or  Little 
Colorado,  is  62.510  miles.     A  distance  of  3  miles  is  saved  by  tunnels. 

Condensed  Table  op  Classification — Mabble  CaJjon. 


Miles. 

General  Character  of  Work. 

Characteristic   photo- 
graph    illustrating 
each  class  of  work. 

.500 

Bottom  lands 

Nos  357  364 

26.510 

*'    275,  365. 

.125 

Heavy  through  rock  cut 

"    273,  323. 

32.250 

"    318. 

.750 
2.375 

Heavy  embaukment  under  cliff. 
Tunnels  (4). 

62.510 

Total. 

Note. — Under  "  heavy  talus  slopes  "  are  placed  all  slopes  of  talus  and  stratified  rock  in 
place  covered  by  loose  rock  and  debris. 

There  is  now  for  consideration  the  one  great  caiion  of  the  Colorado, 
although  it  is  arbitrarily  divided  at  the  mouth  of  the  Little  Colorado  into 
two — the  Marble  and  Grand. 

First. — The  walls  of  Marble  Caiion  are  composed  of  various  strata  of 
limestone — in  places  these  have  been  turned  into  true  marble.  The 
strata  are  of  different  degrees  of  hardness,  lying  upon  each  other,  first  a 
hard,  then  a  soft,  and  so  on.  The  softer  strata  are  almost  always  com- 
posed of  thin  layers  of  horizontally  stratified  rock,  and  they  have  worn 
away  in  sloi^es  from  30  to  50  degrees  from  the  horizontal.  These  slopes 
of  rock  in  place  are  covered  with  loose  broken  rock  or  debris.  This  is 
the  nature  of  the  26^  miles  of  "  heavy  talus  slope  "  given  in  the  table, 
and  also  of  a  large  part  of  the  32j  miles  of  "  cliff  bench  work"  (Plates 
XXX,  XXXI).     See  Photos.  273  to  282,  inclusive. 

Second. — ^The  clift'  bench  work  only  diflfers  from  the  talus  slopes  in 
the  fact  that  the  line  is  located  on  the  slope  above  a  vertical  cliflf  from 
50  to  100  feet  above  the  water.  This  class  of  work  is  very  noticeable 
about  ten  miles  below  Lee's  Ferry,  where  the  river  cuts  into  a  much 
harder  stratum  of  rock,  forming  a  narrow  inner  gorge,  with  vertical  walls 
next  to  the  water.  Above  these  walls  the  caiion  slopes  back  in  a  general 
cross  section  of  this  form:      (See  next  page  and  Photos.  287  to  29i.) 

In  this  inner  gorge,  being  so  narrow,  the  difference  between  low  and 
extreme  high  water  varies  from  40  to  95  feet,  but  from  the  very  nature  of 
the  case,  a  railway  line  would  be  located  on  the  first  sloping  bench  above 
the  inner  gorge,  and  well  out  of  the  way  of  the  most  extreme  rise. 
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Third. — At  about  the  middle  of  Marble  Caiion,  which  has  been  called 
Point  Retreat,  the  river  makes  a  sharp  turn  to  the  left  and  then  again  to 
the  right.  At  this  point  the  marble  stands  up  in  vertical  cliffs  about 
300  feet  high  from  the  water's  edge,  while  the  sandstones  bench  back  in 


slopes  and  cliffs  to  2  500  feet  in  height.  Just  beyond  this  the  cauon  is 
narrowest,  being  a  little  less  than  400  feet  from  wall  to  wall.  The  marble 
rajDidly  rises  till  it  stands  in  perpendicular  cliffs  700  to  800  feet  high, 
■with  patches  of  broken  down  cliff  forming  small  benches  and  talus  slopes 
at  their  bases.     See  Photos.  Nos.  324  to  338,  inclusive. 

A  located  line  would  pass  through  Point  Retreat  with  a  tunnel  about 
1  mile  in  length,  cross  the  river  with  a  single  span  (Photo.  330)  from 
cliff  to  cliff,  and  throvigh  the  opposite  jjoint  with  a  shorter  tunnel, 
coming  out  upon  the  same  general  class  of  cliff  bench  work.  This  sec- 
tion of  some  10  miles  (two  above  Point  Retreat)  in  Marble  Cauon  is,  in 
fact,  the  most  difHcult  to  locate,  and  perhaps  the  most  expensive  10 
miles  to  construct  anywhere  upon  the  whole  river.  It  is  necessary  to 
cross  the  river  for  the  first  and  only  time.  The  closeness  of  the  marble 
cliffs  offers  a  very  suitable  place  for  a  single  sjsan  bridge.  Although 
expensive,  a  permanent  and  first-class  line  can  be  located  through  this 
10  miles.  Beyond  this  section  of  tunnels  and  bridge  the  same  cliff 
bench  work  continues  for  about  12  miles,  with  a  tunnel  through  Point 
Hausbrough,  saving  a  mile  in  distance.  (See  Photos.  Nos.  332  to 
318.)  For  the  last  17^  miles  above  the  Little  Colorado  the  caiion  widens, 
the  marble  benches  retreat,  new  strata  of  limestone,  quartzite  and 
sandstone  come  up  from  the  river,  forming  successive  slopes  and  benches. 
The  slopes  are  at  an  angle  of  about  40  degrees  from  horizontal,  formed 
of  thinner  layers  of  rock  in  place,  and  covered  with  debris.     Some  of 
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these  slopes  rise  gradually  from  the  water's  edge  to  a  height  of  from  200 
to  1  000  feet.     See  Photos.  Nos.  3i9  to  372,  inclusive. 

(5)  The  Gkand  Canon. 

The  Grand  Canon  of  the  Colorado  has  been  pronounced  b}-  those 
who  have  carefully  studied  it  to  be  "by  far  the  most  sublime  of  earthly 
spectacles."  While  this  perhaps  is  the  case,  and  while  it  is  one  of,  if 
not  the  grandest  gorge  on  the  face  of  the  earth,  neither  its  grandeur  nor 
its  dimensions  have  anything  whatever  to  do  with  the  j^ossibilities  of 
building  a  railway  through  it.  The  fact  that  the  Grand  Caiion  is  218- 
miles  long — from  the  Little  Colorado  to  the  Grand  Wash — and  in  cut-  i 
ting  its  way  through  the  Kaibab  Mountains  the  river  has  formed  a. 
chasm  from  5  000  to  6  200  feet  deep,  and  from  6  to  13  miles  wide  on  top, 
has  nothing  to  do  with  the  case  whatever.  It  is  only  the  lower  200  feet  or 
so  of  the  canon  that  a  railway  would  have  anything  to  do  with  directly, 
but  in  order  to  show  the  nature  of  this  lower  200  feet,  and  its  indirect 
connection  with  that  above,  a  general  description  must  be  given  of  the- 
whole  gorge. 

This  caiion  is  divided  into  smaller  sections  by  marked  changes  in  the- 
character  of  its  formation  as  follows: 

1st.      18  miles  above  the  granite, 
of  granite, 
to  the  Kanab  Wash, 
of  narrow  marble  benches, 
to  the  lower  granite, 
of  granite, 
to  the  end  of  the  caiion. 

This  first  18  miles  is  in  fact  no  caiion  at  all.     The  whole  country  i*  * 
broken  up  and  back  for  many  miles  from  the  river,  and  hills  and  knolls 
rise  up  between  it  and  the  outer  walls  beyond,  these  being  separated 
by  washes  and  gulches  running  in  every  direction. 

Taken  as  a  whole,  the  river  runs  through  quite  a  wide  valley.  By 
an  examination  of  Photos.  Nos.  376  to  413,  inclusive,  and  the  table  of 
classification,  it  will  be  seen  that  all  classes  of  work  exist,  from  earth  to 
cliff  bench  work,  but  the  larger  proportion  being  comparatively  light 

work. 

The  second  section  of  35 J  miles  of  granite  walls  is  the  first  real 
caiion  jjortion  of  the  great  gorge.     As  compared  with  other  well  known 
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caiions  in  the  Eocky  Mountains  through  which  railways  have  been  built 
— the  Eoyal  Gorge  of  the  Arkansas  and  Clear  Creek  Caiion — this  has  a 
form  peculiar  to  itself.  Its  walls  start  from  the  water's  edge  with  gen^ 
I  eraUy  a  few  feet — 10  to  50 — of  vertical  clifif,  and  then  slojie  back  in  a^ 
ragged,  irregular  sloj^e  300  to  1  200  feet  or  more,  at  an  angle  varying 
from  a  few  degrees  to  45  degrees  from  vertical,  with  some  small  patches, 
jutting  out  boldly  into  the  river  and  towering  hundreds  of  feet  high, 
forming  almost  perpendicular  cliffs,  or,  more  accurately  speaking,  they 
form  buttresses  and  towers  to  the  general  slope  of  the  wall.  Above  the- 
granite  rise  the  sandstone,  limestone,  marble  and  higher  sandstone- 
ledges  in  cliffs,  benches  and  slopes,  stepping  up  and  back  till  the  chasm- 
is  from  6  to  13  miles  wide.  The  lower  granite  walls,  with  which  we- 
have  to  do  directly,  are  divided  into  two  distinct  classes.  Those  from 
the  head  of  the  gorge  to  the  Bright  Angel  Creek  are  mostly  of  hard 
massive  gray  and  red  granite,  and  stand  in  solid,  bold  slopes.  At  the 
Bright  Angel  this  granite  changes  into  a  softer  kind,  generally  black 
and  gray,  much  broken,  cut  into  sharp  pinnacles  and  crags,  and  seems 
as  if  formed  of  closely  stratified  slate.  The  slopes  are  much  flatter  and 
more  cut  up  by  side  washes,  and  the  whole  country  opens  back  into 
the  widest  portions  of  the  Grand  Canon  (Plates  XXXII,  XXXni).  See 
Photos.  Xos.  414  to  540,  inclusive.  In  this  section  were  noted  four  short 
tunnels  aggregating  one-half  mile. 

The  section  of  35  J^  miles  from  the  granite  to  Kanab  Wash  assume  au, 
entirely  new  form.  The  granite,  except  in  a  few  patches,  has  sunk 
under  the  river,  and  the  softer  strata  of  sand  and  limestones,  which 
form  the  great  slojies  above  the  granite,  have  come  down  next  to  the 
river,  and  rise  from  the  water's  edge  in  great  talus  slopes  (underlaid 
j  with  the  same  horizontally  stratified  rock  in  place)  of  from  300  to  600. 
y  feet  high,  at  a  general  angle  of  40  degrees  from  vertical.  The  high 
cliffs  of  marble  and  red  sandstone  bench  back  from  the  tops  of  these 
slopes.  Although  these  outer  peaks  and  cliffs  have  drawn  in  close  upon 
the  river,  the  caiion  itself,  that  is,  the  inner  gorge,  is  much  wider  than 
above,  being  measured  from  the  tops  of  the  great  talus  slopes.  This 
section  is  shown  by  photographs  (Plate  XXXIV).  See  Photos.  Nos.  541 
to  597,  inclusive. 

From  the  mouth  of  the  Kanab  Wash  for  20  miles  down  is  perhaps 
the  narrowest  and  deepest  part  of  the  great  inner  gorge.  The  lower- 
sandstone  and  limestone  ledges  have  sunken  under  the  river,  and  the 
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marble  and  u^JiDer  sandstones  have  come  close  into  the  water.  At  the 
bottom  the  gorge  is  from  150  to  200  feet  wide,  and  the  river  runs  between 
vertical  walls,  but  vertical  only  for  about  80  feet  up.  The  walls  of  this 
portion  of  the  canon  (and  it  comes  nearer  being  a  true  canon  than  any 
other  part  of  the  river)  rise  above  the  water  over  2  000  feet.  They  have 
the  least  slope,  the  benches  are  narrow,  and  the  vertical  cliffs  between 
the  benches  higher  than  in  any  other  section.  For  19  miles,  however, 
there  is  a  continuous  bench  about  30  feet  above  high  water  and  running 
almost  parallel  with  the  grade  of  the  river.  This  bench  is  of  solid 
imperfect  marble  or  limestone,  from  50  to  80  feet  wide,  and  its  alignment 
is  such  that  it  could  be  occupied  the  whole  distance  by  tunneling  some 
of  the  short,  sharp  points  (Plate  XXXV).  Photos.  Nos.  597  to  612  show 
its  general  character,  and  also  the  detailed  work  necessary  for  its  occu- 
pancy. 

In  the  next  section  of  54^  miles,  which  reaches  to  the  lower  granite 
gorge,  there  are  several  points  worthy  of  note.  The  large  proportion 
of  "hillside  slopes,"  over  37  miles  (see  Photos.  Nos.  625  to  655—59 
and  60),  and  also  the  large  amount  of  "heavy  talus  slopes,"  nearly  15 
miles.  In  fact,  it  seems  a  misnomer  to  call  this  section,  excei^t  at  a  few 
points,  a  canon  at  all.  It  is  a  valley  broad  and  in  some  places  flat,  with 
gently  sloping  hills.  In  this  section  occurs  that  portion  of  the  caiion  so 
broken  up  and  rended  by  volcanic  action.  Here  also  are  found  bold 
points  of  basalt  which  in  a  few  places  will  require  very  heavy  work. 

The  lower  granite  gorge,  commencing  about  2  miles  above  Diamond 
Creek,  is  39  miles  in  length.  This  second  gorge  is  almost  of  the  same 
form  and  proportion  as  the  great  granite  gorge  at  the  head  of  the  caiion, 
except  that  the  granite,  which  is  gray  and  black,  with  patches  of  red, 
rises  higher  than  in  the  gorge  above.  Its  walls  slope  from  the  water  at 
angles  varying  from  10  to  50  degrees  from  vertical.  It  has  not,  however, 
the  regular  slope  of  the  upper  gorge.  In  its  first  half  the  buttresses  of 
massive  rock  that  jut  out  over  the  slopes  into  the  river  are  bolder  and 
more  numerous,  the  granite  is  more  compact  and  solid,  and  is  cut 
through  by  more  side  caiions  and  washes.  The  second  half  is,  as  in  the  • 
gorge  above,  shattered  and  broken,  and  has  much  flatter  slopes.  This 
gorge  is  shown  in  Photos.  Nos.  661  to  732,  inclusive. 

In  Photo.  No.  710  is  seen  one  of  the  most  formidable  points  of  granite 
on  the  river.  The  cauou  is  very  narrow;  the  wall  is  vertical  for  500  to 
600  feet  above  the  water.     It  is  on  a  slight  curve  aud  long  bend  of  the 
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river,  and  there  seems  no  other  way  of  rounding  this  point  except  by 
half  tunneling.  The  rock  is  very  compact  and  solid,  and  well  adapted 
for  such  work.  In  the  whole  route,  as  shown  by  the  preliminary  survey, 
there  will  not  be  required  more  than  one-half  mile  of  this  half  tunnel  work. 

From  the  end  of  the  granite  to  the  Grand  Wash  cliflfs  the  canon  is 
but  a  repetition  of  the  lower  end  of  Marble  Caiion.  The  lower  100  or 
200  feet  of  "the  walls"  consist  of  great  slopes  of  the  softer  lime- 
stones, covered  with  loose  debris.  For  miles  these  slopes  extend  to 
a  height  of  500  to  800  feet.  In  this  section  of  the  canon  are  numerous 
streams  of  clear  water  coming  in  from  immense  springs  in  every  direc- 
tion and  at  different  heights  above  the  river.  This  water  is  strongly 
impregnated  with  carbonate  of  lime,  and  in  running  over  the  cli£fs  and 
slopes  has  left  deposits  of  lime  which  in  places  stand  up  100  feet  high. 

The  following  table  gives  the  condensed  statement  of  the  classifica- 
tion of  the  Grand  Caaon. 

The  distance  through  this  canon  is  217.150  miles. 

Condensed  Table  of  Classification — Gband  CaSon. 


Miles. 


51.050 
43.750 
11.600 

3. 

1.250 

.■iOO 

19.000 

85.925 

.875 

.500 


General  Characteb  op  Wobk. 


Hill  side  slopes,  E.  &  L.  R.  &  S.  R 

Heavy  and  light  talus  slopes,  L.  &  S.  B 

Cliff  bench  work  —sandstone 

High  cliffs  and  bluffs      "         

Solid  rock  slopes  "         

Heavy  embankment  in  river 

Marble  bench  work 

Sloping  granite  walls 

Tunnels  (6). 

Vertical  cliff  and  half  tunnel. 


Photographs  illustra- 
ting each  class  of 
work. 


Nos.  375,  553 
Nos.  456,  735 
Nos.  542,  555 
Nos.  393,  409 

No.  414 
Nos.  602,  608 
Nos.  420,  469 


(6,  7,  8,  9  and  10)  Lower  or  Valley  Division. 

At  the  Grand  Wash  cliffs  the  whole  country  drops,  and  has  been 
washed  away  by  the  drainage  of  the  prehistoric  lake  above  to  a  much 
lower  level,  and  the  canon  ends  in  an  open  though  hilly  valley,  with 
gentle,  easy  slopes  compared  with  those  the  line  has  passed  over. 
While  the  general  character  of  the  sections  which  have  been  numbered 
6,  7,  8,  9  and  10,  and  which  will  be  considered  together,  is  that  of  an 
open  valley,  in  places  the  granite  rises  up  on  either  side  of  the  river 
and  forms  a  number  of  short  "  caiions,"  notably  the  Hualapai,  Boulder, 
Black  and  Mojave.  Generally  the  walls  of  these  canons  are  low  and 
flat,  and  the  rock  much  broken  up. 
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In  two  points,  a  couple  of  miles  each,  at  the  head  of  the  Boulder 
and  Black  caiions  the  walls  stand  vertically  from  the  water's  edge,  and 
necessitate  several  short  tunnels  in  order  not  to  obstruct  the  river,  for 
it  must  be  borne  in  mind  that  the  Colorado  is  a  navigable  stream  for 
large  steamboats  from  its  mouth  to  the  Eio  Virgin. 

Very  much  the  larger  portion  of  the  line  from  the  Grand  Wash  to 
the  Gulf  is  over  open  flat  lands— and  low  bluffs  and  slopes  of  "gravel- 
wash" — many  miles  through  the  Colorado,  Mojave  and  Chemhuevis 
valleys  being  perfectly  level  bottom  lands  of  earth.  (See  Photos.  745 
to  905,  inclusive.) 

The  following  general  table  gives  the  results  of  the  whole  survey  in 
condensed  form:     (See  next  page.) 

In  order  to  grasp  more  clearly  the  question  of  jiracticability  of  a  rail- 
way route  through  the  great  canons  and  gorges  of  the  Colorado  River, 
the  following  comparison  of  the  results  of  the  survey  is  given  in  per- 
centages, the  distances  and  percentages  being  in  round  numbers. 

The  Carion  Division,  from  Grand  Junction  to  the  end  of  the  Grand 
Caiion.     Distance,  630  miles.     Of  this — 

62^  per  cent,  is  comparatively  light  work,  earth,  loose  rock  and  talus 
sloj)es  of  loose  and  solid  rock. 

35^  per  cent,  is  heavy,  solid  rock,  and  cliff  bench  work  and  sloping 
granite  walls. 

2  per  cent,  is  tunneling  and  half  tunneling. 

Or,  if  the  shorter  line  in  Glen  Canon  is  used,  this  tunneling  increases 
to  3  per  cent. 

The  Lower  or  Valley  Division.     Distance,  408  miles.     Of  this— 
75  per  cent,  is  earth,  and  gravel  work. 
24^  per  cent,  is  solid  rock  work. 
Oj  per  cent,  is  tunneling. 

"C."  Methods  of  Handling  such  a  "Work. 
It  is  in  no  way  connected  with  the  purposes  of  this  paper,  nor  is  it 
considered  necessary  to  here  insert  the  writer's  estimate  of  the  first  cost 
of  constructing  such  a  railway  as  was  contemplated  in  this  survey. 
With  the  tables  and  descriptions  given,  and  the  full  series  of  photo- 
graphs, any  one  familiar  with  such  work  can  very  readily  form  an 
approximate  estimate.  A  few  facts  that  would  bear  particularly  upon 
this  first  cost  will  be  of  interest  to  engineers.  Through  a  gorge  of  such 
length  it  has  been  considered  that  work  could  only  be  carried  on  from 
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the  two  ends,  thus  increasing  very  much  the  time  and  cost  of  construc- 
tion. The  line  would  start  from  the  town  of  Grand  Junction,  Colo,  ^ 
situated  in  a  large  and  rich  agricultural  valley. 

At  this  point  it  would  connect  with  the  Denver  and  Eio  Grande  Rail- 
way and  the  Colorado  Midland,  and  all  their  railroad  connections  from 
the  East,  and  the  Eio  Grande  Western  Eailroad  from  Salt  Lake  City  and 
the  West.  By  its  recently  built  line,  the  Rio  Grande  Western  road 
comes  down  to  the  Grand  River  at  a  point  about  22  miles  below  Grand 
Junction,  and  practically  follows  the  river  for  a  distance  of  30  miles 
farther.  Seventy-five  and  100  miles  down  the  river,  are  well  settled 
agricultural  valleys  connected  by  ordinary  wagon  roads  with  Grand 
Junction  and  the  railroad. 

Going  now  for  the  purposes  of  transportation  to  the  Green  River,  by 
the  building  of  an  easy  wagon  road  of  about  5  miles,  connection  can 
be  made  with  the  town  of  Blake  on  the  WestQrn  Railroad,  and  a  point  on 
the  Green  River  below  the  lowest  rapid.  From  there  to  the  head  of  the 
Colorado,  a  distance  of  115  miles,  supplies  and  materials  can  be  trans- 
ported by  means  of  steam  launches  and  flatboats.  From  a  depot  estab- 
lished on  the  fiat  at  the  head  of  the  Colorado,  these  sui^plies  can  be 
carried  at  first  by  "jack-train,"  and  afterward,  as  the  work  progresses, 
by  wagon,  up  the  Grand  to  meet  those  from  above,  and  down  the  Colo- 
rado to  meet  those  from  Dandy  Crossing,  54  miles  below.  The  opening 
of  these  "jack-trails  "  could  be  accomplished  with  little  expense,  not- 
only  in  this  section,  but  through  a  large  part  of  the  Caiion  Division. 

Crescent  Creek  and  Dandy  Crossing  are  connected  with  the  railroad 
by  good,  though  sandy,  wagon  roads,  120  miles  in  length.  From  Dandy 
Crossing  there  is  already  a  good  trail,  20  miles,  down  to  the  placer  mines. 
Supplies  can  be  also  carried  down  on  flatboats  through  parts  of  Glen 
Caiion,  as  heavy  boilers  and  machinery  have  so  been  carried  as  far  as 
Tickaboo.  There  are  also  wagon  roads  down  to  the  river  at  a  number  of 
places  in  Glen  Canon,  such  as  at  Smith  Brothers',  Hall's  Ferry  and 
other  placer  mines. 

At  Lee's  Ferry  the  river  is  connected  by  good  wagon  road — 90  miles — 
with  Kanab,  Utah,  on  the  north,  and  Flagstaff,  Arizona — 190  miles— on 
the  Atlantic  and  Pacific  Railroad,  on  the  south.  Supplies  can  be  car- 
ried up  river  from  Lee's  Ferry  for  some  distance  by  steam  launch  and 
down  into  Marble  Canon  by  jack-trail.  A  wagon  road  now  exists  to  the 
brink  of  Marble  Caiion,  about  40  miles  below  its  head,  at  a  point  oppo- 
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site  Point  Retreat,  and  an  easy  trail  can  lie  cheaply  made  down  to  the 
river.  Such  a  trail  already  reaches  the  river  by  way  of  the  Nan-Co-Weap. 
At  the  head  of  the  Grand  Cailon  there  is  a  wagon  road  to  the  top 
from  the  railroad  at  Flagstaff,  and  a  trail  down  to  the  river,  just  below 
the  Little  Colorado.  This  with  some  expense  could  be  so  improved  as 
to  deliver  supplies  for  the  lower  end  of  Mai-ble  and  upper  end  of  Grand 
Caiion.  Through  the  Grand  Caiion,  on  account  of  itsdej^th,  there  exist 
as  yet  but  few  ways  of  reaching  the  river.  There  is  a  good  trail  down 
Kanab  "Wash— only  requiring  some  improvement  to  be  used  for  supply- 
ing the  whole  section  for  35  miles  above. 

At  the  mouth  of  Diamond  Creek  there  is  a  good  wagon  road  from  the 
river  to  the  town  of  Peach  Springs,  24J  miles  distant,  on  the  Atlantic  and 
Pacific  Railroad.  Diamond  Creek  is  53  miles  from  the  mouth  of  the 
Orand  Caiion.  Below  the  canon  is  the  old  road  and  ferry  at  the  Grand 
Wash,  and  the  roads  and  ferries  at  Scanlon's  and  the  Rio  Virgin  con- 
necting both  with  the  Atlantic  and  Pacific  Railroad  and  the  rich  country 
around  St.  George  and  St.  Thomas  and  that  of  southwestern  Utah. 

Thus  it  will  be  seen  that  in  the  Caiion  Division  work  could  be  carried 
on  simultaneously  at  at  least  forty  different  points,  while  below  the  Rio 
Virgin  supplies  and  material  could  be  delivered  at  any  point  by  the 
steamboats  now  running  on  the  river.  The  only  additional  expense  in 
construction  would  be  the  extra  cost  of  transportation  and  preisaring 
trails  in  the  Caiion  Division,  while  on  the  other  hand  there  are  a 
number  of  reasons  why  the  cost  of  construction  would  be  much  reduced. 
For  the  first  three  items  in  the  general  table  of  quantities  no  new 
factor  of 'either  increase  or  decrease  of  expense  would  enter.  Of  the  403 
miles  noted  as  "earthwork,"  the  greater  part  is  light  plow  and  scraper 
work.  The  86  miles  of  "hillside  slopes"  and  191  miles  of  "talus 
slopes  "  would  be  very  largely  side  hill  cut  with  no  haul  for  waste. 

The  next  seven  items  in  the  table  consist  chiefly  of  solid  rockwork. 
So  much  of  this — including  the  99  miles  of  granite  walls — stands  in 
slopes  approaching  40  degrees  from  vertical,  that  it  would  be  the 
cheapest  kind  of  rockwork.  While  from  the  nature  of  the  slopes  the 
road-bed  woiild  be  almost  wholly  in  excavation,  only  a  minimum  cross- 
section  would  be  necessary  and  the  waste  thrown  directly  into  the  river, 
thus  reducing  to  a  minimum  the  handling  of  the  rock,  and  the  number 
of  men  and  animals  required  on  the  work,  so  that  this  large  proportion 
of  solid  rockwork  would  not  nearly  approach  the  cost  of  such  an  amount 
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in  a  level  or  settled  country.  The  heavy  embankments  in  the  river 
would  be  very  expensive  to  build.  The  tunnel-work  would  only  be 
aflfected  in  cost — by  the  inaccessibility  of  the  country.  And  the  total 
amount — 20  miles — when  is  considered  the  large  amount  of  curvature 
and  distance  (42  miles)  saved,  is  not  far  in  excess  of  such  woi'k  on  a  num- 
ber of  already  constructed  roads. 

It  is  the  opinion  of  the  writer  that  one  feature  of  modern  machinery 
might  be  used  with  great  economy  on  this  rockwork  and  tunneling — 
that  is,  electrical  drills — by  employing  the  rapid  current,  falls  and 
cataracts  of  the  river  to  generate  the  electricity. 

No  estimate  of  the  cost  of  such  a  plant  has  been  made;  but  it  is 
believed  that  with  current  wheels  and  movable  power  stations  great 
saving  would  result  not  only  in  the  work  itself,  but  very  largely  in  the 
reducing  of  the  number  of  men  employed  and  the  transportation  of 
material  and  supplies  for  their  subsistence. 

"D."    The  Nature  of  the  Line  Itself. 

First. — The  Grades. — Starting  from  the  town  of  Grand  Junction  it  is 
possible  to  build  a  railway  with  a  continuous  down  grade  the  whole 
length  of  the  line  to  the  Gulf  of  California,  and  to  have  a  returning  grade 
with  a  maximum  not  exceeding  12  feet  per  mile,  except  for  a  distance 
of  20  miles,  and  then  it  need  not  exceed  20  feet.  It  would  be''  neither 
economical  nor  advisable  to  construct  such  a  line.  From  the  surveys 
made  it  is  believed  that  in  no  place  would  it  be  necessary  to  vse  a  grade 
in  either  direction  to  exceed  one-half  of  1  per  cent,  or  26.4  feet  per  mile. 
A  careful  location  may  make  it  advisable  to  increase  this  maximum. 

The  following  table  gives  the  average  fall  of  the  river  through  the 
various  sections.  The  distances  are  by  the  river  and  not  by  the  survey: 
(See  next  page.) 

Second.  —  The  Alignment. — The  Grand  and  Colorado  Eivers  are  large 
streams,  flowing,  as  regards  their  detail,  in  long  sweeps  and  gentle  curves. 
This  is  well  shown  in  the  series  of  photographs.  Reference  has  already 
been  made  to  the  sharper  bends  requiring  tunnels.  From  the  surveys 
made  it  is  believed  that  an  economical  line  can  be  located  with  curves 
not  to  exceed  10  degrees,  or,  in  other  words,  with  a  radius  of  573  feet. 

Third. —  The  Nature  of  the  Road-bed  and  Maintenance  of  the  Pei-manent 
Way. — Along  those  portions  of  the  route  where  it  would  be  necessary  to 
construct  the  road-bed  upon  low,  flat  bottom  lands,  the  river  is  broad  and 
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shallow  and  its  fall  is  very  light.  These  flats  are  above  all  ordinary  high 
water;  the  line  can  be  securely  built  across  them,  and  rip-rap  and  mate- 
rial for  slope  wall  protection  can  be  easily  and  cheaj^ly  procured.  In 
the  same  section,  as  explained  above,  where  it  is  necessary  to  build  some 
miles  of  the  road-bed  in  the  river,  under  the  cliflfs,  the  same  facts  exist, 
and  the  diflferonce  between  low  and  high  water  is  a  minimum.  These 
embankments  would  be  built  almost  entirely  of  solid  rock.  Along  the 
solid  rock  benches  and  sloping  walls  of  sandstone,  marble  and  granite 
the  road-bed  would  be  almost  entirely  in  excavation.  One  notable  fact 
is  the  almost  entire  absence  of  great  slopes  of  loose  rock  or  slides,  which 
are  generally  so  difficult  and  dangerous  to  handle.  It  is  almost  univer- 
sally the  case,  as  is  clearly  shown  by  the  photographs,  that  these  so- 
called  talus  slopes  are  composed  of  horizontally  statified  rock  in  place, 
covered  with  a  thin  layer  of  loose  debris,  so  that  the  road-bed  in  almost 
its  whole  extent  through  the  Canon  Division  would  be  built  on  solid  and 
durable  foundations. 


Divisions  of  the  Grand  and  Colorado  Rivers. 

Distances 
in  miles. 

Total  fall  in 
feet. 

Average  fall 
per  mile. 

Grand  Junction  to  head  of  Colorado 

162.4 

55. 
150. 

65.2 

18.2 

10. 

26.4 

10.8 
4.8 

65.2 

12. 

18. 
7.2 

10.8 

35. 

66. 

650 
355 
325 
510 
110 
210 
320 
100 

50 
310 

70 
210 

25 
100 
175 
300 

4.00 

6.45 

2.17 

7.82 

6.04 

21.00 

12.13 

9.26 

10.42 

"          "       Main  Kanab  and  Uin-Karet  Divisions. . . 

4.75 
5.83 

11.66 

"          "      in  Granite  below  Diamond  Creek 

3.47 
9.26 
5.00 

From  Grand  Wash  to  Las  Vegas  Wash 

4.41 

Total  to  Las  Vegas  Wash 

719. 
425. 

3  820 
700 

5.31 

From  Las  Vegas  Wash  to  Gulf  or  end  of  Survey* 

1.64 

1  144. 

4  520 

4.00 

•  This  last  distance  does  not  take  in  all  the  many  windings  among  the  Sand  Islands  in 
the  lower  part  of  the  river. 


The  features  peculiar  to  this  route  and  affecting  the  maintenance  of 
the  permanent  way,  remain  to  be  considered.  They  are  the  drainage 
across  the  road-bed  and  the  possible  effect  of  loose  material  from  the  cliffs 
above.     During  the  snr\'ey,  as  stated  above,   notes  were  taken  of  all 
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waterways  from  10  feet  upward,  and  estimates  made  of  all  other  drainage 
required.  As  might  be  expected  from  the  formation  of  the  country, 
many  side  streams  and  ca5ons  enter  the  main  gorge.  Many  of  these  a 
little  way  back  from  the  main  chasm  are  from  1  to  3  miles  wide  on  the 
top;  but  they  enter  the  Colorado  through  the  lower  and  harder  strata  of 
compact  sandstone,  marble  and  granite,  and  through  narrow  channels 
that  can  be  spanned  by  from  50  to  100  foot  bridges.  These  are  clearly 
shown  by  many  of  the  photographs  taken.  There  are  some  exceptions 
to  this  class  where  the  mouths  of  the  side  gorges  have  been  washed  out 
into  wide  fiats.  Such  are  the  Nan-Co-Weap  and  Kwagunt  branches  of 
the  Marble  Cauon.  These  do  not  present  any  more  difficulties  than  the 
crossing  of  any  wide  water  course  not  in  such  a  caiion.  Of  the  smaller 
waterways  the  granite  and  marble  give  solid  abutments  on  either  side, 
and  the  channels  are  deep  and  narrow. 

There  is  one  feature  of  the  drainage  peculiar  to  such  caiion-work; 
that  is  the  small  streams  that  come  over  the  tops  of  the  cliffs.  Where 
the  caiion  is  wider  and  the  talus  sloj^es  exist  at  the  foot  of  the  cliffs, 
these  small  streams  have  worn  out  basins  back,  next  to  the  cliff,  into 
which  they  fall,  and  from  which  they  can  be  carried  under  the  road-bed 
in  the  natural  channels  that  now  exist.  In  other  portions,  where  the  road- 
bed would  be  cut  along  the  benches,  these  small  streams  (which  only 
flow  during  storms)  and  the  debris  brought  down  with  them  can  be  car- 
ried over  the  road-bed  by  a  simple  device  of  overhead  drains.  Taken 
as  a  whole  the  drainage  does  not  present  any  insurmountable  difficulties 
or  any  very  difficult  problems  not  found  upon  other  mountain  roads. 

The  question  of  falling  rock  and  loose  material  from  above  is  not 
different  here  from  what  obtains  on  hundreds  of  miles  of  operated  rail- 
roads through  the  Rocky  Mountain  region.  The  immense  width  of  the 
canon  on  top  prevents  the  great  mass  of  rock  loosened  from  above  by 
storms  reaching  the  inner  or  lower  gorge  in  a  way  to  do  any  damage. 
The  lowest  gorge  is  of  a  harder  material  and  not  so  easily  affected. 

One  feature  largely  affecting  the  maintenance  of  way,  and  also  the 
traffic  of  such  a  road,  is  the  almost  entire  absence  of  snow  and  hard  freez- 
ing from  so  large  a  portion  of  the  line  in  the  great  canons.  During  the 
winter  of  1889-90,  the  expedition  experienced  only  two  hours  of  snow 
storm  at  the  level  of  the  river,  while  the  whole  upper  plateau  was  covered 
with  from  3  to  6  feet  of  snow.  It  may  be  remembered  that  the  winter 
of  1889-90  was  one  in  which  the  transcontinental  railroads  through  the 
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"Western  mountains  suffered  more  from  snow  blockades  than  they  had 
for  years  previous. 

A  brief  abstract  from  the  register  of  the  thermometer  from  November 
•28th,  1889,  to  May  1st,  1890,  may  be  of  interest. 


Sections  of  the  Route. 

Max. 

Min. 

Average. 

6   A.M. 

Noon. 

6  P.M. 

l^om  Gi'een  River  to  Dandy  Crossing,  November 
28th  to  December  10th  1889    

Degrees 

65 

66 

68 
82 

76 

93 

Degrees 

10 

30 

24 
29 

42 

40 

Degrees 
34i 

391 

37S 
47 

52 

52 

Degrees 

62i 

54i 

48 
61i 

66 

83 

Degrees 
45^ 

Dandy  CrossinK  to  Lee's  Ferry  and  to  middle  of 

Marble  Caiion.  Dec.  10th  to  Dec.  31st,  1S89 

Month  of   January,   1890,    in  lower  Marble  and 

47i 
43 

In  Grand  Canon,  Feb.  Ist  to  March  17th,  1890 

End  of  Grand  Canon  to  Fort  Mojave,  March  17th 
to  March  23d,  1890 

65 

61 

Fort  Mojave,   The  Needles,  Yuma  and  the  Gulf, 
March  23d  to  April  30th,  1890 

76 

Taking,  then,  the  whole  line  into  consideration,  when  once  properly 
built  it  would  not  only  not  be  highly  expensive  to  maintain,  but  in  many 
points  would  be  far  below  the  average  of  mountain  railways,  and  in  the 
matter  of  winter  transportation  would  have  advantages  over  any  line 
crossing  the  country  from  the  Rocky  Mountains  to  the  Pacific  Coast. 
The  scarcity  of  water  through  this  same  section  that  so  affects  the  pres- 
ent transcontinental  roads  would  be  entirely  done  away  with,  the  sup- 
I  ply  from  the  river  being  the  best  possible  when  allowed  a  little  time 
for  the  settlement  of  the  sand. 


•Second. — The  Advisability  of  such  a  Railway, 
AND  Freight  Business. 


Theough  Passenger 


In  the  investigation  of  that  part  of  the  subject  under  consideration — 
the  advisabiUty  of  opening  a  new  line  of  transportation  across  the  western 
half  of  the  continent — the  engineer  is  called  upon  to  go  beyond  the  limit 
of  what  is  ordinarily  called  the  science  of  engineering  and  to  answer  the 
■question.  Will  it  pay  ?  There  are,  however,  a  number  of  elements 
entering  into  this  question  which  are  outside  the  scope  of  this  paper; 
but  the  more  limited  inquiry  of  what  business  would  such  a  railway  find 
"to  do,  is  one  entirely  proper  to  be  answered  by  the  engineer  who 
examines  the  country  for  the  purpose  of  gathering  all  possible  informa- 
tion bearing  upon  the  final  success  or  failure  of  the  enterprise. 
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* 
One  important  item  must  be  first  made  clear.     It  will  be  remembered 

that  the  original  object  in  the  projection  of  this  railway  was  to  connect 
the  coal  fields  of  Colorado  with  the  Pacific  Coast.  These  very  extensive 
coal  fields  are  already  connected  with  Grand  Junction  by  several  rail- 
roads. The  scarcity  of  cheap  hiel  on  the  Pacific  Coast  is  well  known. 
The  much  larger  proportion  of  the  fuel  used  there  is  imported  from  for- 
eign countries.  The  question  first  proposed  was  how  to  connect  these  two 
distant  i^oints  with  each  other,  so  as  to  cheaply  and  profitably  transport 
the  abundant  fuel  of  the  one  to  the  extensive  fuel  market  of  the  other. 
The  nature  and  extent  of  this  coal  trade  will  be  considered  further  on. 

For  the  purposes  of  such  a  business  as  the  transi^ortation  of  large 
quantities  of  coal,  coke  and  other  fuel,  it  was  thought  best  to  reach  as 
quickly  as  possible  tide- water  at  the  head  of  the  Gulf  of  California. 
The  great  diflSculty  and  danger  of  navigating  this  gulf,  and  the  almost 
impossibility  of  securing  a  safe  harbor  at  its  northern  end,  puts  this  as 
a  terminus  out  of  the  question. 

Without  further  explanation,  it  will  be  considered  that  the  road 
would  be  built  down  the  river  to  the  neighborhood  of  Yuma,  and  then, 
crossing  the  Sierra  Nevadas  at  an  elevation  of  about  2  600  feet,  termi- 
nate at  the  extensive  land  locked  harbor  of  San  Diego. 

It  was  also  first  expected  to  secure  all  fuel  for  the  Pacific  Coast  in 
Colorado.  Other  coal  fields,  however,  exist  many  miles  nearer  that 
market,  that  would  be  reached  by  and  have  all  the  advantages  of  this 
low  grade  means  of  transportation.  It  will  therefore  be  considered  that 
the  road  for  which  it  will  now  be  proper  to  look  up  its  present  and 
future  business  consists  of  a  line  from  Grand  Junction  to  the  port  of 
San  Diego,  with  branch  lines  to  the  various  coal  fields,  and  especially 
one  up  the  Rio  Virgin  to  the  extensive  coal  deposits  of  southwestern 
Utah. 

First. — Passenge-)'  Traffic. — It  will  be  conceded  that  any  road  built 
across  our  Western  country  would  get  a  share  of  the  passenger  travel 
between  the  East  and  the  West.  (This  may  be  also  said  of  the  through 
freight  traflSc.)  As  to  the  jiassenger  business  of  this  proposed  road 
being  in  excess  of  all  other  lines  across  the  continent,  one  or  two  short 
quotations  bearing  upon  this  subject  will  be  sufiicient :  "  Those  who 
have  long  and  carefully  studied  the  Grand  Caiion  of  the  Colorado,  do 
not  hesitate  for  a  moment  to  pronounce  it  by  far  the  most  sublime  of  all 
earthly  spectacles.     If  its  sublimity  consisted  only  in  its  dimensions,  it 
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could  be  sufficiently  set  forth  in  a  single  sentence.  There  are  in  the 
world  valleys  that  are  longer  and  a  few  which  are  deejier;  there  are 
valleys  flanked  by  summits  loftier  than  the  palisades  of  the  Kaibabs, 
still  the  Grand  Caiion  is  the  sublimest  thing  on  earth.  It  is  so  not  by 
virtue  of  its  magnitude,  but  by  virtue  of  the  whole,  its  ensemble." 

"To  the  conception  of  its  vast  proportions  must  be  added  some 
notion  of  its  intricate  plan,  the  nobility  of  its  architecture,  its  colossal 
buttes,  its  wealth  of  ornamentation,  the  splendor  of  colors,  and  its 
wonderful  atmosphere.  All  of  these  attributes  combine  to  produce  a 
whole  which  at  first  burdens  and  at  length  overpowers." 

What  is  likely,  then,  to  be  the  attractiveness  of  such  a  route  for 
passenger  travel  ?  Eemembering  that  this  line,  j^assing  through  this 
wonder  of  the  world,  would  forever  have  a  monopoly  of  such  travel — 
since  no  other  line  could  parallel  it — it  is  believed  that  the  passenger 
travel  alone  would  be  sufficient  to  i^ay  interest  on  a  very  large  extra  cost 
of  constriiction. 

Second. — Freight  Traffic. — More  and  more  every  year  the  question  of 
time  enters  into  the  transportation  of  through  freight  from  East  to  West 
and  from  West  to  East.  At  no  distant  day  the  consideration  of  how  to 
attain  quicker  and  cheaper  transportation  of  through  freight  will  be 
one  of  vital  importance  to  all  the  transcontinental  roads.  It  is  the 
opinion  of  the  writer  that  the  solution  of  this  question  lies  in  the  rail- 
way of  the  future — the  railway  of  lighter  gi-ades,  lighter  curves,  lighter 
rolling  stock,  lighter  trains,  more  of  them  and  quicker  time.  What  a 
field  of  investigation  this  thought  opens  up!  Even  now  the  transconti- 
nental roads  are  considering  what  eff'ect  the  opening  of  the  Nicaragua 
Canal  will  have  on  their  future  business  in  cost  of  carrying  through 
freight. 

What,  then,  would  be  the  advantages  of  a  railway  line,  which  over  the 
very  roughest  portion  of  the  section  traversed  by  all  these  roads  would 
have  1  000  miles  of  its  distance  with  grades  not  to  exceed  one-half  of 
one  per  cent,  or  26.40  feet  per  mile  ?  And  what  advantage  would  it  also 
have  for  the  whole  year's  business,  when  this  1  000  miles,  the  very  worst 
for  winter  travel,  would  be  almost  entirely  free  from  frost  and  snow? 
Such  a  line  would  of  course  cross  the  Sierra  Nevadas,  but  so  far  south 
and  so  low  that  it  would  have  but  little  to  fear  in  winter. 

It  is  here  only  estimated  for  a  line  to  Grand  Junction  and  across  the 
Kocky  Mountains  by  existing  roads.     The  crossing  of  the  Continental 
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Divide  has  never  yet  been  accomplished  so  as  to  secure  the  best  advan- 
tages. This  carion  road  carried  up  the  Grand  River  through  Middle 
Park  and  across  the  range  on  a  line  located  by  the  writer  more  than  ten 
years  ago,  it  is  believed  would  secure  many  advantages  and  reduce  the 
rigors  of  winter  travel  and  transportation  to  a  minimum. 

The  following  profile  (Plate  XXXVI)  on  a  reduced  scale  and  those  of 
existing  roads,  taken  from  their  published  statements,  together  with  the 
table  of  comparative  distances,  illustrate  this  part  of  the  subject. 


Railroads  from  Denver  to — 
(Distances  in  Miles.) 


Union  and  Central  Pacific 

T>.  and  R.  G.  and  Central  Pacific 

Atchison,  Topeka  and  Santa  Fe 

Denver,  Colorado  Canon  and  Pacific  Route 


San 
Diego. 


2  035 
2  185 
1638 
1  472 


San 
Francisco. 


1516 
1  666 
1724 
1  981 


Distances  from  Chicago  to— 


Northwestern,  Union  and  Central  Pacific. 
C.  B.and  Q.,  D.  and  R.  G.  and  " 

Atchison,  Topeka  and  Santa  F6 

Southern  Pacific  and  "     

Korthern  Pacific 

Denver,  Colorado  Canon  and  Pacific  Route 


San 

Diego. 

2  933 

3  208 

2  347 

2  650 

3  847 

2  500 

San 
Francisco  . 


2  419 
2  694 
2  577 

2  805 

3  238 
3U09 


LocAii  Business. 

Woe  to  the  railroad  that  has  nothing  but  through  passenger  and 
freight  business  to  depend  upon!  In  order  to  understand  the  possibili- 
ties of  the  immediate  local  freight  business,  and  what  maybe  reasonably 
expected  as  the  future  development  of  such  a  trade,  it  will  be  necessary 
to  rapidly  glance  at  the  whole  extent  of  country  along  the  route.  This 
"becomes  more  necessary  when  it  is  remembered  that  this  whole  section 
has  generally  been  considered  totally  barren  of  any  such  possibilities. 

The  initial  point  of  this  proposed  railway  is  at  the  town  of  Grand 
Junction,  Colorado,  the  largest  and  most  prosperous  agricultural  center 
in  the  western  part  of  the  State.  Mesa  County,  in  which  it  is  situated, 
and  which  at  this  point  contains  a  valley  of  nearly  500  000  acres  of  the 
finest  agricultural  and  fruit  land,  has  also  varied  and  extensive  mineral 
resources.  Its  coal  fields  are  considered  inexhaustible.  Many  large 
bodies  of  coal  have  been  discovered  and  developed.  Some  extensive 
deposits  lie  in  close  proximity  to  this  proposed  route.     Many  of  the 
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extensive  anthracite  coking  and  steam  coal  fields  of  western  Colorado 
are  connected  with  Grand  Junction  by  rail.  This  point  is  practically  the 
western  terminus  of  all  the  railroads  coming  into  Denver  from  the  East. 
The  section  of  country  around  Grand  Junction  is  rapidly  settling  up. 
Following  the  Grand  River,  75  to  80  miles,  is  the  Little  Castle  Valley. 
This,  with  the  Little  Grand  and  other  valleys  along  this  river,  form  a 
large  tract  of  rich,  though  only  partially  developed,  agricultural  land. 
Anthracite  coal  has  been  discovered  within  7  miles  of  Richardson,  on 
the  Grand,  and  other  large  deposits  of  coal  have  been  located  at  various 
points.  The  present  cattle  interest  in  this  section  is  considerable.  It  is 
estimated  that  there  are  in  the  valleys  and  on  the  mountain  ranges 
tributary  to  the  Grand  and  Colorado  rivers  1  500  000  head  of  cattle, 
between  this  point  and  the  Kaibab  Mountains. 

The  line  from  here  to  Dandy  Crossing,  through  the  lower  part  of  the 
Grand  River  and  through  Cataract  and  Narrow  canons,  does  not  en- 
counter any  productive  land  near  the  river.  Back  at  the  heads  of  many 
of  the  side  canons  are  large  tracts  of  grazing  land,  many  of  them  occu- 
pied by  herds  of  cattle. 

From  Dandy  Crossing  to  Lee's  Ferry,  a  distance  of  150  miles,  the  gold 
placer  deposits  are  almost  continuous  the  whole  way.  In  past  ages 
while  the  river  was  cutting  its  way  down  through  the  red  sandstone  of 
Glen  Caiion,  there  were  deposited  on  the  successive  levels  of  the  stream 
vast  beds  of  fine  and  coarse  gravel,  into  which  has  settled  great  quanti- 
ties of  fine  gold  dust.  Whence  this  gold  has  come  is  a  question  on 
which  there  is  a  great  difierence  of  opinion;  this  is  of  but  little  import- 
ance to  the  present  investigation.  These  beds  of  placer  gravel  are  found 
all  along  this  whole  extent  of  150  miles,  on  the  benches  of  the  caiions,  at 
various  heights,  some  being  100  feet  and  more  above  the  level  of  the 
water,  while  the  larger  amount  of  the  deposit  is  from  10  to  50  feet  above 
low  water,  with  very  extensive  bars  in  the  bed  of  the  river,  which  are 
overflowed  during  high  water. 

From  personal  examinations  the  writer  considers  these  gold  deposits 
not  only  very  extensive,  but  very  rich  and  valuable.  On  account  of 
their  situation,  so  much  above  the  level  of  the  stream,  and  the  fact 
that  through  this  section  the  river  has  so  httle  fall,  these  bars  can  only 
be  worked  by  using  more  machinery  and  much  more  extensive  plants 
than  are  usually  necessary  in  such  cases.  This  is  the  reason  why  these 
bars  have  not  been  more  extensively  worked  up  to  this  time.     With  a 
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railroad  through  this  canon  these  mines  would  be  largely  and  profitably 
handled.  The  transportation  of  machinery,  lumber,  mining  supplies, 
provisions  and  all  the  traffic  incident  to  such  a  population  as  would 
be  engaged  in  even  placer  mining,  extending  as  it  would  along  the 
river  for  150  miles,  could  not  but  create  quite  a  local  business  through 
this  section.  From  some  measurements  and  estimates  made  on  par- 
ticular bars,  it  would  be  difficult  to  wash  out  these  deposits  within 
the  next  100  years. 

Through  this  section  of  Glen  Canon  at  various  distances  from  the 
river  many  other  valuable  mineral  deposits  have  been  discovered. 
These  are  as  yet  undeveloped.  The  mineral  and  coal  deposits  of  the 
Henry  Mountains  are  within  25  miles  of  the  river.  Coal  has  been 
found  at  several  other  points  from  6  to  20  miles  back  in  the  side 
caiions  above  Lee's  Ferry.  In  the  neighborhood  of  the  San  Juan  and 
Escalante  rivers  are  well  defined  deposits  of  petroleum. 

By  a  line  up  the  San  Juan  Eiver  it  is  possible  to  make  connection 
with  the  rich  Montezuma   Valley,   and   the   coal   and    other  mineral 
deposits  of  that  part  of  Colorado.     At  Lee's  Ferry  connection  is  made 
by  wagon  road  with  the  agricultural  and  grazing  country  of  northern 
Arizona  and  southern  Utah.     This  is  largely  subject  to  the  necessities 
of  irrigation,  yet  great  quantities  of  oats  and  barley  are  successfuUy 
raised  without  irrigation.     It  is  considered  that  all  the  cattle,  sheep, 
wool  and  other  products  of   that    section-and  they  are  of  no  mean 
account-would  be  taken  to  the  river  for  a   means  of   transportation 
rather  than  driven  to  the  railroads  running  north.     From  Lee's  Ferry, 
for  some  50  miles  down  through  Marble  Canon,  there  would  not  be 
expected  any  local  business,  except  perhaps  the  shipment  of  building 
stone.     The  great  variety  of  building  stones  through  aU  the  caiions, 
sandstones,  limestones,  marbles  and  granites,  would  undoubtedly  create 
some  considerable   business   for  the  road.     The  fact  that  the  largest 
building  being  erected  to-day  in  the  City  of  Denver  is  being  built  of 
the  same  stone  that  forms  the  upper  walls  of  the  Grand  Cailon,  and  that 
this  stone,  shipped  from  Flagstaff,  Arizona,  is  carried   as  far  east  as 
Kansas  City  and  Chicago,  shows  that  a  traffic  for  this  road  in  building 
stones  is  not  beyond  the  probabihties. 

Some  15  miles  above  the  head  of  the  Grand  Caiion,  begins  the  great 
mineral  belt  that  extends  all  the  way  through  and  on  either  side  of  this 
great  chasm.     In  the  lower  end  of  Marble  Canon,  as  the  sandstones 
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and  limestones  rise  and  recede  from  the  river,  there  come  up  other 
strata  of  limestone,  sandstone  and  quart/ite  which  lie  above  the  granite, 
and  between  these  are  extensive  veins  of  mineralized  matter.  At  the 
head  of  the  Grand  Canon,  above  the  granite,  are  immense  veins,  mostly 
horizonal,  of  iron  ore  and  silver,  lead  and  copjier  deposits;  and  at  one 
point  a  large  bed  of  roofing  slate  has  been  located.  As  the  granite  rises 
quartz  veins  of  various  sizes  are  seen  in  every  direction  and  running  at 
every  angle,  while  the  horizontal  veins  of  mineralized  matter — silver, 
lead,  copper  and  iron — above  the  granite  extend  all  the  way  to  the  Grand 
Wash  cliffs. 

Through  the  whole  cafion  the  writer  saw  and  took  samples  from 
numerous  and  extensive  croppings  of  silver,  lead,  copijer  and  iron  ores, 
and  dejiosits  of  salt  and  mineral  i^aints.  "While  it  would  not  be  proper 
to  state  positively — from  so  short  and  rapid  an  examination — that  these 
veins  and  deposits  are  rich  in  precious  metals,  yet  with  such  extensive 
fields  and  such  fine  croppings  it  is  not  unreasonable  to  conclude  that 
much  real  value  does  exist.  The  mineral  lies  from  100  to  1  000  feet 
above  the  river,  and  consequently  from  4  000  to  5  000  feet  below  the 
plateau  country.  While  it  would  be  a  very  easy  matter  to  bring  this 
ore  down  to  the  river  to  a  means  of  transportation,  it  is  practically 
impossible  to  take  it  up  to  the  plateau  above.  Here  again,  then,  with  a 
railroad  through  the  cafion,  would  be  developed  a  large  local  business 
not  only  in  the  transportation  of  ores  out,  but  of  machinery,  supplies, 
provisions,  etc.,  in.  One  other  item  through  the  Caiion  Division  would 
furnish  some  little,  at  least,  local  business — the  timber  that  covers  the 
plateaus  and  Kaibab  Mountains.  As  the  demand  for  tie  timber  grows 
more  and  more  every  year,  this  timber,  though  it  is  far  above  the  river, 
•can  and  will  be  brought  down,  rather  than  be  carried  up  to  a  means  of 
transportation. 

Below  the  great  caiions  is  found  an  entirely  different  country.  Taken 
as  a  whole  it  is  a  broad  and  open  valley.  At  the  mouth  of  the  Kio 
Virgin  connection  is  made  with  the  old  settled  and  richly  cultivated 
country  of  southwestern  Utah.  Along  the  valley  of  the  Rio  "Virgin  and 
its  tributaries  are  rich  agricultxiral  lands.  At  the  mouth  of  the  river 
are  raised  to-day,  besides  grain,  all  the  varieties  of  European  and  native 
grapes,  peaches,  plums,  pears  and  nectarines,  limes,  i^omegranates,  figs 
and  almonds. 
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The  valley  of  the  Colorado  from  the  Virgin  to  Yuma  must  be  consid- 
ered under  two  heads: 

1st.  As  a  mineral  country. 

2d.    As  an  agricultural  country. 

About  6  to  18  miles  up  the  Rio  Virgin  are  located  great  mountains 
of  rock  salt,  much  of  it  pure,  l)ut  the  greater  part  of  a  pinkish  purple 
color.  The  lower  valley  of  the  Colorado  is  flanked  on  either  side  by 
ranges  of  hills  and  mountains.  These  ranges  are  cut  in  every  direction 
by  mineral  veins.  Many  of  them  that  extend  from  the  tops  of  the 
mountains  down  to  level  of  the  valley  can  be  seen  for  miles.  This 
country,  as  a  mineral  section,  has  been  known  for  years.  The  minerals 
are  gold,  silver,  copper  and  lead.  The  old  mining  camps  in  Gold  Basin, 
Lost  Basin  and  El  Dorado  Caiion  are  well  known.  The  mines  in  El 
Dorado  have  been  worked,  more  or  less  continuously,  since  1861,  and  the 
gold  and  siver  mill  at  that  point  since  1864.  At  some  points  the  ore  is 
very  rich.  The  greater  quantity,  however,  is  of  a  lower  grade,  and  will 
not  bear  the  cost  of  mining  and  milling,  on  account  of  the  scarcity  and 
high  price  of  fuel.  At  El  Dorado,  coal  brought  from  Galup,  New 
Mexico,  by  rail  and  up  the  river  by  steamboat,  costs  $14  per  ton,  "With 
a  railroad  through  this  valley  that  could  deliver  cheap  fuel,  hundreds 
of  developed  mines,  that  now  stand  idle,  could  and  would  be  profitably 
worked,  and  hundreds  of  others  would  be  opened  and  developed. 

In  the  next  place,  with  a  railroad  built,  and  only  a  portion  of  the 
liossible  mineral  develoi^ment  and  operations  under  way,  hundreds  and 
thousands  of  acres  of  the  rich  agricultural  lands  of  the  Colorado,  Mo- 
jave  and  other  valleys  of  the  Colorado  Kiver  and  its  tributaries  would 
be  under  cultivation,  for  there  would  be  a  ready  and  profitable  market 
close  at  hand.  These  valleys  would  be  cultivated  not  only  in  the  ordi- 
nary farm  products,  but  in  a  great  variety  of  semi-tropical  fruits.  At 
the  present  time  some  of  the  accessible  tributaries  of  this  river  are 
being  set  out  in  groves  of  oranges  and  lemons. 

One  more  item  of  immediate  and  future  business  remains  to  be  con- 
sidered— the  coal  trade.  With  the  great  advantages  of  this  proposed 
road  as  to  distance,  winter  travel,  and  especially  grades,  the  better 
classes  of  fuel,  such  as  anthracite  coal  and  coke,  could  be  profitably 
carried  from  Colorado  to  the  Pacific  coast.  The  greater  quantity  of 
fuel,  however,  would  be  taken  from  nearer  points,  notably  from  the  coal 
fields  of  southwestern  Utah. 


STANTON   ON    CA5fONS   OF   THE   COLORADO. 


331 


This  fuel,  transported  at  the  most  economical  rates,  over  a  down 
grade  road,  would  first  be  delivered  to  the  mining  and  milling  opera- 
tions all  along  the  Colorado  River.  At  The  Needles  it  would  reach  the 
Atlantic  and  Pacific  (the  Santa  Fo)  system  of  railroads,  for  their  own 
use,  and  for  transportation  into  California  at  a  much  lower  price  than 
they  can  transport  fuel  from  New  Mexico.  At  Yuma  the  same  ^yould  be 
the  case  with  the  Southern  Pacific  Company,  for  their  own  use,  and  for 
shipment  both  east  and  west  over  their  lines. 

At  San  Diego  the  whole  of  Southern  California  could  be  sui^plied 
with  fuel,  which  it  now  so  much  needs,  and  from  there  transported  by 
water  as  far  north  at  least  as  San  Francisco. 

The  following  tables  give  the  coal  brought  to  the  various  ports  of 
■California  in  1889  and  first  six  months  of  1890: 

Coal  Eeceived  at  San  Fkancisco. 


From  wheke  Brought. 


Year  of  1889, 
Tons. 


First  6  mos. 
1890,    Tons. 


Puget  Sound 

Oregon 

Mount  Diabalo,  California 

Eastern,  New  York  and  Baltimore 

British  Columbia 

English,  Scotch  and  Welsh 

Japan 

Australia 

Total 


372  514 
49  500 
38  100 
18  9.50 

383  906 

45  617 

1340 

303  285 


195  375 
30  330 
13  200 
22  197 

179  808 

13  372 

4  850 

84  543 


543  675 


Coal  Eecetved  at  San  Diegg. 


From  where  Brought. 

Year  of  1889. 
Tons. 

First  6  mos. 
1890.    Tons. 

45  780 

10  738 

1859 

358 

18  115 

1 

<Jalup,  New  Mexico 

1  052 

Elsinore,  California 

141 

Total 

58  735 

19  309 

There  was  also  received  at  the  port  of  San  Pedro,  in  1889,  a  total  of 
66  7G0  tons,  and  during  the  first  six  months  of  1890  about  30  500  tons. 
Even  though  coal  and  coke  would  be  delivered  Ijy  this  road,  and  sold 
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at  from  one-lialf  to  one-third  of  its  present  market  price,  it  is  not  ex- 
pected that  at  once,  or  even  ever,  it  could  take  possession  of  the  whole- 
of  this  trade;  yet  it  is  not  impossible  that  -with  this  great  difference  in 
price  a  very  large  amount  of  this  fuel  traffic  would  very  shortly  be  trans- 
ferred to  the  port  of  San  Diego,  the  terminus  of  this  proposed  line. 
What  the  future  development  of  this  coal  trade  might  be  can  only  be  hinted 
at.  With  cheap  fuel,  and  an  unlimited  and  certain  supply,  there  is  no 
question  but  that  the  consumption  of  such  fuel  on  the  whole  Pacific 
coast  would  be  largely  increased,  not  only  in  manufacturing,  but  in  many 
other  ways.  The  opening  of  the  Nicaragua  Canal  would  create  a  demand 
farther  south,  not  only  for  ocean  steamer  use,  but  for  local  purposes. 
From  no  other  source  could  this  so  easily  be  procured  as  from  this 
proposed  road  at  the  port  of  San  Diego. 

In  conclusion,  from  the  facts  here  set  forth,  it  is  believed  that  there 
is  awaiting  the  opening  of  such  a  road  as  is  herein  described  both  a  local 
and  through  business,  in  excess  of  what  was  ready  for  many  of  the  lines 
when  built  that  now  are  in  operation  through  the  western  j^art  of  the 
United  States,  and  that  a  local  business  would  be  developed  far  larger 
than  can  ever  be  expected  on  some  of  our  great  Western  railways. 

It  is  hoped  that  in  this  description  there  has  not  only  been  shown  th& 
entire  practicability  of  the  caiions  of  the  Colorado  River  for  railway  pur- 
poses, both  from  an  economical  as  well  as  a  purely  engineering  point  of 
view,  but  that  there  has  also  been  some  light  cast  upon  the  nature  and 
possibilities  of  a  portion  of  our  great  Western  empire  which,  to  many,, 
has  been  less  known  than  the  heart  of  Africa. 


DISCUSSION 


Alfred  Francis  Sears,  M.  Am.  Soc.  C.  E. — I  have  found  this  paper 
by  Mr.  Stanton  a  most  intensely  interesting  study.  It  will  prove  also  a 
much  more  valuable  document  to  engineers  engaged  in  the  location  and 
construction  of  caiion  lines— and  there  are  many  such — than  at  first  view 
may  be  apparent.  As  an  engineer's  story  it  contains  the  excitement  of 
heroic  adventure;  it  is  a  modest  account  of  extraordinary  pluck  and 
nerve.  When  Mr.  Stanton's  outfit  had  been  wrecked,  his  leader  and 
two  assistants  drowned  and  the  entire  party  exposed  to  the  perils  of. 
starvation,  an  opportunity  for  retreat  to  safety  with  honor  presented 
itself;  but  this  chance  was  availed  of,  not  for  escape,  but  to  refit  and 
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again  venture  on  the  perilous  voyage  down  an  unknown  canon,  simply 
in  the  name  of  duty  to  the  cause  of  progress  and  science.  Such  persist- 
ence in  the  exploration  of  the  Colorado  Caiion  entitles  Mr.  Stanton  and 
the  assistants  w-ho  remained  with  him  to  the  sincere  admiration  of  his 
professional  brethren. 

My  object  in  entering  on  a  discussion  of  this  interesting  j^aper  is  to 
present  some  facts  from  my  personal  experience  that  should  be  of  value 
in  works  of  this  chai'acter.  I  think,  if  I  were  called  on  to  make  a  sur- 
vey of  such  a  stream  as  is  here  described,  I  would  take  advantage  of  some 
of  the  work  I  have  witnessed  in  the  west  branch  of  the  Hudson  by  the 
lumbermen  who  drive  that  river  in  the  sj^ring.  Some  of  the  members  of 
this  Society  who  have  lived  or  hunted  in  Essex  and  Warren  counties  have 
doubtless  seen  boats  go  through  the  horserace  near  Johnsburg,  a  deep, 
narrow  caiion  with  vertical  walls  of  great  height,  and  have  seen  the 
same  men  pass  the  rapids  above  and  below  that  point.  I  believe  I 
should  seek  that  class  of  skilled  labor  at  almost  any  expense  if  I  had 
to  do  such  work  in  North  America.  The  experience  of  men  who  can 
shoot  rapids  in  a  light  canoe  is  very  different  from  the  genius  which 
can  carry  a  heavy  boat  through  such  peril;  a  kind  of  work  with  which 
the  river  drivers  of  mountain  torrents,  and  only  they,  are  familiar. 

I  do  not  know  if  my  experience  is  unique,  but  it  has  been  my  fortune, 
certainly  not  a  common  one,  to  engage  in  the  construction  of  a  line  of 
railroad  of  which  I  have  been  obliged  to  witness  the  almost  entire  demo- 
lition by  an  extraordinary  series  of  cataclysms.  It  was  a  line  situated  in 
a  canon  very  similar  in  character  to  this  described  by  Mr.  Stanton,  and 
we  had  already  graded  125  kilometers  and  laid  track,  and  were  running 
trains  over  one  hundred  and  eight  of  them,  when  the  catastrophe  occurred 
by  which  there  have  not  been  left  in  all  that  distance  five  consecutive  kilo- 
meters over  which  so  much  as  a  hand  car  can  be  moved,  save  in  the  flat 
region  between  the  coast  and  the  precipitous  carion,  where  some  50  kilo- 
meters were  repaired  and  restored  to  traffic.  As  teaching  the  dangers 
of  such  a  location,  the  uncertainties  of  construction  and  durability  of 
work  and  the  class  of  accidents  to  which  such  work  is  exposed,  I  be- 
lieve some  statements  from  the  history  of  the  short  lived  line  in  the 
valley  of  the  Kio  Santa  of  Peru,  known  as  the  Chimbote  and  Huaraz 
Kailway,  must  be  interesting  and  valuable  to  the  profession.  Mr.  O. 
F.  Nichols,  M.  Am.  Soc.  C.  E.,  who  was  associated  with  my  predecessor, 
Mr.  Maxwell,  in  that  work,  presented  a  very  interesting  jjaper  to  this 
Society,  to  be  found  at  page  365  in  Yol.  IX  of  the  Transactions,  illustrat- 
ing the  character  of  that  part  of  the  caiion  in  his  charge.  In  order  to 
locate  the  termini  of  a  tunnel  it  was  necessary  to  triangulate  from  a  slope 
on  the  brow  of  the  precipice  across  the  river,  his  men  being  let  down 
with  rojjes  near  the  tunnel  approaches.  I  confess  that  I  suppressed  a 
tremor  when  three  years  afterward  I  looked  up  from  the  tunnel  at  the 
stations,  still  noted  by  staves  where  Mr.  Nichols  had  operated.     That 
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paper  will  be  an  interesting  study  in  connection  -witli  this  of  Mr.  Stan- 
ton, and  gives  details  of  the  geology  of  the  region  which  I  omit. 

The  slope  of  the  Rio  Santa  by  the  railroad  line  permits  a  gradient  of 
from  1^  to  3^  per  cent,  between  the  50th  and  125th  K.  But  from  this 
point  up  for  a  few  kilos  it  was  found  imi^ossible  to  escape  a  grade  of  5 
per  100.  From  the  5Uth  to  the  coast  the  country  followed  by  the  river 
is  flat  and  the  current  moderate.  The  upper  stream,  like  all  mountain 
torrents,  is  a  succession  of  rajjids  and  basins  of  smooth  water.  But 
there  are  no  rifts,  i.  e. ,  there  are  no  rapids  in  which  rocks  of  the  river 
bed  show  themselves.  A  man  falling  into  the  Santa  would  never  be 
seen  again,  unless  his  body  were  thrown  into  an  eddy  on  the  edge  of  one 
of  the  smooth  basins.  I  have  never  known  a  successful  attempt  at 
sounding  any  part  of  that  fearful  stream.  But  Mr.  Nichols'  paper 
shows  that  it  was  done,  Mr.  Leflfert  L.  Buck,  M.  Am.  Soc.  C.  E.,  put 
several  of  the  bridges  in  position,  stretching  wire  cables  between  abut- 
ments for  a  deck  on  wliich  to  make  the  erections,  falseworks  in  the 
river  being  impracticable, 

Mr.  Stanton  thinks  it  would  be  necessary  to  build  the  Colorado 
Canon  road  from  both  ends  of  the  carton.  Unless  there  are  difficulties 
not  yet  described  I  should  think  such  a  process  unnecessarily  tedious 
and  exijensive.  As  a  wagon  road  will  be  impracticable,  a  mule  trail 
may  certainly  be  laid  up  the  caiion.  In  the  Eio  Santa  we  had  fifteen 
construction  camps  between  K.  50  and  K,  96,  all  our  siipplies  and  build- 
ing material  going  in  on  cargo  mules.  It  is  not  necessary  to  maintain  a 
continuous  way  upon  one  side  of  the  river.  We  never  crossed  the  high 
cliflfs  that  came  down  vertically  into  the  water  if  there  were  a  better  way 
on  the  opposite  side  of  the  stream,  which  we  crossed  and  recrossed  on 
little  suspension  bridges.  I  am  not  certain,  but  I  believe  they  were 
designed  by  Mr.  Buck,  They  were  exceedingly  simple  and  proved  effi- 
cient to  the  last,  their  construction  being  as  follows:  Five  wire  ropes  of 
1  inch  diameter  were  stretched  across  the  river  parallel  and  equi- 
distant (to  receive  a  floor  about  4  or  5  feet  wide),  and  anchored  securely 
behind  the  bridge  seat.  Across  these,  at  distances  of  2  feet,  were  laid 
floor  timbers  5  inches  deejj  by  4  inches  wide,  and  extending  on  either  end 
6  inches  beyond  the  outer  cables.  The  floor  boards  laid  longitudinally 
were  nailed  to  these  timbers.  At  each  end  of  the  bridge  and  on  either 
side  a  small  iron  post  of  an  inch  and  a  half  round  iron  was  set  securely 
in  the  rock,  and  another  cable  4  feet  above  the  floor  system  was  passed 
through  eyes  in  the  toi3  of  the  jjosts  and  anchored  about  8  feet  behind 
them.  From  these  last  cables  round  iron  susj^eiiders  thri^e-fourths  of  an 
inch  diameter  hung  by  open  hooks;  the  lower  end  i)assed  through  the  ends 
of  the  floor  timbers  and  were  secured  by  nuts.  If  I  remember  correctly, 
the  longest  span  of  this  kind  was  a  trifle  over  200  feet.  These  bridges 
suffered  in  one  singular  way.  The  sei-ranos,  Indians  from  the  moun- 
tains, who  drive  cattle  over  them  from  the  hills  to  the  coast  for  ship- 
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ment,  would,  on  their  return,  steal  the  iron  suspenders  for  home  use, 
and  they  had  the  wit  to  take  out  alternate  rods.  We  then  riveted  the 
lower  ends  at  the  nuts  and  closed  the  hooks  at  the  uj^per  end. 

I  ought,  before  going  further,  to  say  that  I  am  separated  by  the 
width  of  the  continent  from  my  books  and  notes  of  that  line  and  may 
err  in  stating  details  of  a  work  from  which  I  have  been  absent  for  thir- 
teen years.  I  will  rely  upon  Mr.  Nichols  and  Mr.  Buck  to  kindly  set 
me  right  in  such  cases. 

Once  the  way  is  opened  along  such  a  caiion  by  mule  trail,  sometimes 
in  the  caiion  along  its  flats,  sometimes  on  iron  bracketed  balconies  along 
the  faces  of  cliflfs  and  again  over  the  hills  back  of  the  cafion  walls,  it  is 
not  so  difficult  to  carry  on  the  construction.  This  was  done  on  the 
Santa  by  letting  men  down  the  precipitous  faces  with  ropes.  Seated  in 
"bos'uns'  chairs,"  they  drilled  and  planted  rods  for  step-ladders  to  go 
and  come.  Eopes  stretched  along  the  wall  for  the  feet  and  another  5 
feet  higher  for  the  hands  made  rather  luxurious  pathways  along  the 
sheer  faces  of  precipices  inaccessible  in  any  other  way. 

When  I  read  in  Mr.  Stanton's  paper  of  the  fiats  so  favorably  placed 
to  receive  the  line  of  a  railway,  I  am  reminded  of  similar  fiats  in  the 
valley  of  the  Santa,  which  after  ha%dng  furnished  convenient  lodging 
places  for  our  work,  have  been  wiped  out  of  existence.  We  had  every 
reason  to  believe  in  their  permanence — they  were  of  exceedingly  hard 
material,  such  as  in  this  country  Ave  call  "  hard  pan  " — an  indurated 
matrix  of  clay  enclosing  pebbles  of  various  sizes,  from  that  of  a  filbert 
to  a  large  apple.  But  another  evidence  of  stability  seemed  to  make 
positive  our  faith  in  those  little  pampas.  The  old  irrigation  ditches  of 
the  Inca  civilization  found  in  the  valley  by  the  conquering  vagabonds 
of  Pizarro  were  still  intact  and  demonstrating  by  their  presence  a  con- 
dition of  safety  in  and  near  their  sites  which  had  existed  three  and  a 
half  centuries  at  the  very  least;  and  who  could  say  for  how  long  an  age 
before  this  discovery? 

But  in  that  year  of  catastrophe,  which  saw  our  line  destroyed— in 
1878 — even  those  old  canals  which  had  f  urn -shed  the  controlling  datum 
for  establishing  our  height  above  the  River  Santa,  were  swept  from  the 
face  of  the  canon,  and  the  place  which  had  known  them  for  untold 
centuries  will  know  them  no  more.  Nor  was  this  destruction  produced 
by  inundation.  The  jjampas  destroyed  were  from  forty  to  more  than  a 
huntlred  feet  above  high  water  in  the  Santa,  and  while  they  were  swept 
away,  the  Huayrachiri  Camp,  at  K.  115,  not  more  than  5  feet  above 
the  flood,  is  as  secure  now  as  when  first  erected.  The  destruction  was 
produced  by  a  flood  wave  containing  a  vast  amount  of  earth  and  rock, 
moving  with  great  velocity  and  cutting  under  the  bluff  faces  of  the  con- 
glommerate  we  had  thought  impregnable. 

There  was  a  series  of  these  waves,  the  formation  of  only  one  of  which, 
8o  far  as  I  know,  was  witnessed  by  any  human  being.    Above  K.  132  is  a 
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lateral  ravine,  dry  in  all  seasons  save  when  a  shower  in  the  mountains 
may  chance  to  vent  itself  by  this  channel,  on  which  occasions  it  contains 
water  for  an  hour  or  so  after  the  rain  is  over.  It  would  seem  that  a  slow 
and  continued  rain  had  soaked  into  the  soil  overlying  some  steeply 
inclined,  rocky  mountain  face,  and  thus  when  the  mass  was  saturated 
and  water  had  settled  to  the  rock,  the  huge  volume  of  earth  had  gone 
down,  a  vast  avalanche,  to  the  bottom  of  the  ravine,  where  it  constituted 
a  dam  across  the  chasm  to  prevent  the  escape  of  waters  pouring  into  it  - 
from  mountain  slopes  further  up  stream.  When  once  the  waters  thus 
impounded  had  risen  to  the  tojj  of  the  dam  and  poured  over  its  face,  the 
mass  was  again  swept  down  and  out  to  the  main  valley  of  the  Santa. 
On  its  way,  it  gathered  new  material,  and  with  augmented  force  rushed 
across  the  river,  damming  it  to  the  height  of  40  feet  or  more.  The 
Santa  is  a  powerful  stream  and  took  but  little  time  to  rise  to  its  terrible 
work.  This  dam  must  have  been  140  feet  long  across  the  river  at  its 
base  and  perhaps  400  feet  or  more  on  top. 

The  watchman  at  La  Soledad,  Mr.  Nichols'  old  camp,  the  location  of 
which  he  has  described  in  the  paper  already  mentioned,  heard  the 
fearful  warning  of  the  waves'  approach,  for  several  minutes  before  it 
came  in  sight,  but  felt  himself  entirely  safe,  as  that  camp  was  certainly 
a  hundred  feet  above  the  stream.  But  when  he  saw  this  hideous  engine 
of  destruction  come  tearing  around  the  bend  a  thousand  feet  oft",  piled 
up  to  immense  height  in  the  narrow  gorge,  its  upper  volume  white  as 
snow,  tumbling,  foaming,  leaping,  seething  above  a  tremendous  black 
wall  of  rushing  rocks  and  water  and  earth,  all  struggling  together  in 
furious  roar  and  din,  tearing  at  the  mountain  sides  and  cutting  out  great 
chasms  from  the  world's'  eternal  superstructure,  he  fled  in  terror  to  the 
hills. 

There  was  a  succession  of  these  phenomena,  all  with  attending 
disaster.  At  K.  96,  in  apprehension  of  danger,  I  moved  a  locomotive 
engine,  already  cut  off  from  headquarters,  to  a  i^rojecting  point  of  rock 
crossed  by  our  track  and  housed  it  in.  When  I  left  the  line  this  engine  j 
was  inaccessible  from  any  direction  save  by  a  rope  ladder  down  the  face  . 
of  the  cliff".  Where  we  had  blown  off"  the  nose  of  a  rocky  spur  more 
than  300  feet  high  to  the  apex,  to  form  an  embankment,  iu  the  belief 
that  such  enormous  fragments  could  not  be  moved  by  any  flood,  the 
entire  aff'air  has  been  swept  away  as  completely  as  if  it  had  been  a  sand 
bank. 

In  passing  through  the  narrow  gorges  of  the  caiion,  these  waves  were 
piled  to  an  immense  height,  and  gathering  increased  momentum  carried 
forward  all  the  loose  rocky  material  that  lay  in  their  way,  so  that  below 
the  Taquilpou  Hacienda  at,  I  think,  about  K.  75,  where  the  river 
suddenly  widens,  the  bed  of  the  stream,  which  had  been  more  than  20 
feet  lower  than  our  road-bed,  was  when  I  last  saw  it,  but  5  feet  below 
the  rail. 
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In  some  lateral  ravines,  notably  the  Valley  of  Taquilpan  River,  au 
avalanche,  which  carried  away  the  bridge,  cut  ont  the  bed  of  the  stream 
to  a  depth  of  more  than  30  feet.  Within  two  weeks  this  was  not  only  re- 
filled, but  the  bed  of  the  river  was  raised  3  or  4  feet  above  the  bottom 
of  the  railroad  cuts  on  either  bank,  i.  e. ,  above  the  level  of  the  bridge 
floor,  being  about  10  feet  above  the  bed  as  it  existed  when  the  bridge  was 
built  over  that  little  stream.  In  several  ijlaces,  the  mountain  has  slid 
■down  across  the  railroad  to  such  an  extent  that  where  a  cut  of  40  feet 
was  originally  demanded  to  reach  the  roadbed,  it  would  now^  require  140 
feet  of  excavation  to  uncover  the  rails. 

It  need  hardly  be  added  that  only  a  traffic  of  great  value  and  import- 
ance can  justify  the  construction  of  a  road  in  the  Colorado  Canon  in  the 
manner  recommended  by  Mr.  Stanton's  paper,  i.  e.,  on  the  flats  and  low 
down  under  the  elifi's  (page  307,  last  line  of  "  Third  ").  I  quite  agree  with 
the  opinion  expressed  by  Mr.  Nichols  when  this  paper  was  first  discussed 
that  it  seems  the  better  and  safer  course  to  resort  to  a  great  deal  of  tun- 
neling. I  am  not  certain  if  I  might  not  recommend,  and  indeed  in  a 
similar  case  in  the  caiion  of  the  Rio  Reventezon  of  Costa  Rica  I  have 
recommended  placing  the  road  upon  balconies  of  wood  or  iron, 
bracketed  or  susi^ended  along  the  face  of  cliff's  well  above  all  possible 
danger. 

In  reference  to  the  use  of  electricity  for  working  drills  I  should  think 
Mr.  Stanton  has  no  occasion  to  hesitate.  That  matter  has  ceased  to  be 
the  subject  of  exi:)eriment.  The  falls  of  the  Willamette,  light  the  City  of 
Portland,  Oregon,  and  furnish  power  for  electric  motors.  I  would  go 
further  even ;  for  in  that  valley,  the  source  of  power  is  such,  that  elec- 
tricity generated  by  water  power  may  and  will  be  used  for  carrying  on 
the  traffic,  instead  of  using  steam-producing  fuel,  which  is  not  easily 
obtained.  The  engineer,  who  is  confronted  by  the  problem  engaging 
Mr,  Stanton's  attention,  would  gather  invaluable  knowledge  by  a  visit 
to  the  Peruvian  road  iu  the  valley  of  the  Santa;  when  he  has  learned 
what  raiu  in  the  hills  and  a  torrent  stream  can  do,  he  w'ill  feel  increased 
confidence  to  advise  and  devise. 

I  am  reminded  here  of  an  intei'esting  professional  experience  shortly 
after  my  return  to  the  United  States  and  less  than  two  years  after  the 
destruction  of  the  Chimbote  Railroad.  You  will  have  no  difficulty  in 
understanding  that  I  approached  mountain  torrents  in  a  spirit  of 
wholesome  caution.  I  was  employed  as  the  umpire  or  consulting 
engineer  of  the  Oregonian  Railway  in  the  Willamette  Valley  of  Ore- 
gon. The  contractor  who  buUt  the  road  furnished  the  engineering.  The 
<5hief  of  that  corps  shall  be  nameless;  he  is  now  where  contractors  cease 
from  troubling  and  the  engineer  may  rest.  I  was  dissatisfied  with  the 
manner  of  placing  the  piers  in  the  North  and  South  Santiam  rivers, 
both  m  )untaiu  torrents  of  great  power  and  volume,  and  once  ventured 
to  say,  "I  approach  streams  like  these  with  a  great  deal  of  apprehen- 
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sion."  "Oh,  no!"  replied  the  cliief,  "I  never  fear  anything  in  engi- 
neering.    I  enjoy  bridging  a  river." 

When  the  road  was  presented  for  acceptance,  I  rej^orted  against 
receiving  those  bridges  until  they  had  been  proven  by  the  floods  of  at 
least  one  winter.  Against  this  advice,  the  representative  of  the  Scotch 
company  settled  with  the  contractor,  paid  for  the  bridges  and  the  well 
satisfied  gentleman  left  Oregon  for  Dundee  to  secure  a  contract  for  com- 
pleting the  line.  Before  he  reached  New  York  both  bridges  were  swept 
away.  Even  this  was  not  lesson  enough  for  that  unfortunate  enterprise. 
New  plans  were  submitted  by  a  California  Bridge  Company;  and  while 
I  approved  the  bridge  plans,  I  could  not  approve  the  piers  or  location, 
which  should  have  been  changed.  But  as  contractors  are  "  jaractical 
men,"  while  engineers,  having  never  used  saw  nor  pickaxe,  are  only 
"theorists,"  I  was  again  overruled.  Of  course  this  ended  my  connec- 
tion with  the  company.  But  every  engineer  can  imagine  my  intense 
mortification  when,  the  third  winter  following  their  erection,  both  San- 
tiam  bridges  were  again  swept  away. 

In  concluding  these  remarks  upon  Mr.  Stanton's  paj^er,  I  wish  to 
refer  to  the  current  nature  of  accidents  to  which  the  builders  are 
liable  and  to  some  of  which  also  the  traffic  is  exposed  after  such  a  line  is 
opened.  They  are  essentially  of  a  single  class,  the  falling  of  small 
stones  or  larger  boulders  from  the  slopes  in  talus,  and  the  falling,  let  us 
call  it  the  sloughing  off',  of  masses  of  material  from  the  faces  of  cliff" 
where  there  has  been  an  injudicious  use  of  the  explosives. 

In  the  Rio  Santa  Cauonthe  early  morning  sun,  by  expanding  material 
on  the  slopes  and  steep  mountain  sides,  caused  small  cobble  stones  to 
leave  their  beds  and  roll  down  to  the  river,  detaching  other  stones  in  their 
path,  so  that  the  early  morning  traveler  was  exposed  to  a  dangerous 
volley  unless  he  were  careful  to  select  his  time  before  sunrise,  or,  an  hour 
or  two  after  the  heat  had  become  well  established.  If  excessive  charges 
are  used  in  blasting,  a  great  deal  of  material  is  loosened  up  that  fails  to 
be  removed.  This  neglect  is  extremely  dangerous  and  leads  to  no  end 
of  disaster  for  a  long  time  after  traffic  has  begun.  There  is  another 
cause  of  the  falling  of  stones  from  gravelly  and  hard  pan  slopes  against 
which  I  confess  I  know  of  no  protection.  Thus,  a  passenger  train  was 
descending  the  valley,  and  discovering  a  boulder  on  the  track,  blew  the 
whistle  for  down  brakes;  instantly,  a  volley  of  small  stones  started  from 
up  the  slojiB,  and  bounding  toward  the  train,  broke  every  window  in  a 
second-class  nine-pauel  car,  terrifying  the  passengers,  who  took  refuge 
on  the  road-bed  under  the  car.  It  was  no  uncommon  occurrence  for 
cobble  stones,  to  break  loose  and  roll  down  the  slopes  in  response  to  the 
engine  driver's  whistle. 

An  accident  occurred  to  the  engineer's  camp  at  Huanrathiri,  quite 
distinct  from  all  others,  and,  indeed,  from  any  I  have  ever  known.  The 
camp  Avas  on  a  low  pampa,  the  engineer's  house  being  probably  200  feet 
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from  the  river-side  ;  in  the  stream  and  along  the  bank  were  several 
boulders,  ranging  in  size  from  3  to  10  feet  in  diameter.  On  the  bank 
and  near  these  boulders  were  the  servants'  houses  and  the  storing 
department.  There  could  be  no  doubt  that  these  boulders  had  rolled 
from  the  upper  slopes  of  the  cliflfs  on  the  opposite  side  of  the  r  ver,  and 
when  they  reached  the  vertical  face  had  acquired  such  momentum  as  to 
be  thrown  clear  across  the  stream.  But  one  night  a  boulder  5  or  6  feet 
in  diameter  was  precipitated  from  the  lofty  slope  and  thrown  at  such 
an  angle  ujion  the  inside  edge  of  a  similar  boulder  lying  in  the  river, 
that  a  ricochet  took  place  ;  it  leaped  clear  over  the  servants'  camp,  and 
plunged  directly  into  the  middle  room  of  the  engineer's  house,  carrying 
with  it  a  part  of  the  roof,  the  eaves  and  wall  of  the  little  structure. 

These  observations  have  taken  uj?  a  good  deal  of  time  and  space.  I 
think  it  will  be  found,  however,  on  careful  analysis,  that  I  have  indulged 
in  no  relation  that  is  not  of  jDractical  value  to  engineers,  contractors 
and  all  persons  interested  in  the  construction  of  caiion  lines. 

In  conclusion  I  beg  you  to  indulge  me  in  telling  the  story  of  a 
remarkable  rescue  of  a  member  of  a  party  engaged  in  the  preliminary 
surveys  of  the  Chimbote  Valley,  One  of  the  men,  an  American  noted  for 
his  agility,  had  been  sent  down  from  a  trail  high  up  on  the  mountain 
slope,  to  learn  if  there  were  a  point  where  with  an  instrument  he  could 
observe  a  certain  \oeak  already  located  in  the  surveys.  It  was  necessary 
to  descend  a  slope  of  say  45  degrees,  on  earth  overlying  the  moun- 
tain rock.  A  little  distance  below  was  the  edge  of  the  precipice,  a 
sheer  height  of  600  feet  above  the  river.  When  the  assistant  had  reached 
half  way  down  between  the  trail  and  the  cliff,  the  earth  on  which  he 
walked  began  slowly  to  slide  upon  its  smooth  rocky  bed,  falling  in  a 
cascade  over  the  bluff,  and  after  its  start  moving  with  accelerated 
speed.  There  was  no  apparent  escape  for  the  unfortunate  man  ;  he 
threw  himself  prone  upon  the  ground,  and  drawing  his  sheath  knife, 
thrust  it  into  the  earth  and  shortly  found  a  crevice  in  the  rock  by  which 
to  hold  himself  where  he  lay.  Already  a  Cholo  axeman  had  forced  a 
crow-bar  into  the  ground  at  the  trail,  and  clutching  it  in  both  hands,  had 
thrown  himself,  feet  down,  the  slope.  In  an  instant  another  descended 
by  his  side,  and,  holding  by  the  ankles  of  the  first,  was  followed  by 
enough  men  of  the  party  to  make  a  living  rope  that  reached  their  com- 
rade in  danger,  who,  by  this  support,  comjileted  the  observation  and 
ascended  the  slope  to  a  place  of  safety,  followed  by  the  successive 
members  of  the  line.  After  this  a  light  rope  l)ecame  a  constant  part  of 
the  outfit  of  such  jDarties. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — I  have  been  much  interested  in 
Major  Sears'  account  of  his  recent  experiences  in  the  valley  of  the  Santa 
in  Peru,  and  I  am  glad  to  hear  again  of  the  work  with  which  I  was, 
some  years  ago,  intimately  connected.  I  read  Mr.  Stanton's  paper  care- 
fully, and  found  it  exceedingly  interesting.     It  seems  to  me  that  this 


340  DISCUSSION   ON    CAlJONS   OF   THE   COLORADO. 

projected  railway  tlirougli  the  caiion  of  the  Colorado  would  open  up  the 
great  Southwest,  of  which  we  know  so  little,  in  a  manner  not  otherwise 
practicable.  The  line  would  run  diagonally  Southwest  from  near  Denver, 
and  reaching  a  point  near  Yuma,  and  thence  moving  westerly,  cross  the 
mountains  at  a  relatively  low  elevation,  and  reach  the  ocean  near  San 
Diego,  California.  The  line  of  this  route  from  the  Northwest  would  be 
something  more  than  five  hundred  miles  shorter  than  any  of  the  routes 
now  in  use.  The  river  has  a  very  gradual  fall  and  the  grades  would 
be  remarkal)ly  easy  and  much  lower  than  those  on  any  of  the  other 
transconti  nental  lines. 

Mr.  Stanton  has  necessarily  introduced  a  great  number  of  tunnels,  so 
that  a  large  portion  of  the  line  would  be  built  in  tunnel.  Any  criticisms 
I  may  m  ake  will  be  made,  as  they  should  be,  in  a  very  modest  way  1  »y  a 
person  who  has  never  been  through  the  caiion.  Mr.  Stanton  deserves 
great  credit  for  the  skill  and  persistency  with  which  he  overcame  all 
obstacles  and  accomplished  this  very  difiicult  survey,  which  bears  the 
marks  of  energy  and  accuracy. 

Much  of  the  work,  Mr.  Stanton  says,  could  be  done  with  scraper, 
referring  to  those  portions  located  on  the  flats  or  sand  bars  left  by  the 
river  at  the  prominent  bends.  Major  Sears  has  explained  how  similar 
work  was  subsequently  cut  out  by  the  recent  floods  of  the  Santa,  on  the 
Chimbote  line.  On  the  Santa  these  flats,  or  pampas,  are  raised  some 
20  to  30  feet  above  the  river,  and  are  composed  of  gravel  with  about 
10  per  cent,  of  sand.  This  material  had  been  compacted  and  consoli- 
dated under  the  water  of  the  deep  lakes  of  which  they  formed  the 
beds.  The  rock  dams  forming  the  lakes  were  afterward  cut  out  until 
the  level  of  the  River  Santa  was  so  lowered  that  it  finally  cut  into  the 
lake  beds  themselves,  leaving  this  material  standing  high  above  the 
river,  and  here  it  had  remained  in  a  tropical  climate  which  does  not 
vary  to  exceed  15  to  20  degrees  in  the  year.  The  tojs  surface  of  the 
material  became  hardened  and  sun  dried,  so  that  picks  and  even  blasting 
were  required  for  its  removal.  In  the  middle  Santa  this  material  stands 
in  retired  cliffs,  300  to  500  feet  high.  I  remember  visiting  Mr.  Buck  at 
his  camp  when  he  was  erecting  bridges  2  and  3  on  the  Chimbote  line. 
He  had  located  his  house  with  flat  roof  of  corrugated  iron  at  the  base 
of  one  of  these  cliff's.  It  was  some  feet  from  the  cliff,  and  the  face  of 
the  material  was  such  that  the  gravel  dropping  out,  under  the  action  of 
the  sun,  would  fall  so  as  generally  to  clear  his  house.  Occasionally  it 
would  fall  short  and  strike  the  roof  and  sometimes  jienetrate.  Fortu- 
nately for  his  friends  as  well  as  himself  no  fatality  resulted,  though 
there  were  narrow  escapes. 

These  flats  in  the  Colorado  cannot  be  so  hard  and  lasting  as  those 
in  the  Santa,  and  I  should  greatly  prefer  to  avoid  the  use  of  them 
altogether,  even  at  the  expense  of  increasing  the  tunneling  and  rock 
work.      On  the  Chimbote  line  the  mistake  was  made  in  the  lower  por- 
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tiona  of  the  line  of  following  around  too  near  the  edges  of  these  flats  in 
order  to  lighten  the  work,  the  result  being  to  increase  distance  and 
-curvature,  and  expose  the  work  too  greatly  to  the  danger  of  subsequent 
floods,  then  not  anticipated.  In  the  work  on  the  upper  Chimbote  we 
endeavored  to  keep  back  on  these  flats  as  near  the  rock  as  possible,  for 
economy  of  line  and  greater  ijermanency. 

At  some  points  Mr.  Stanton  has  shown  alternative  lines,  one  <'oming 
out  of  tunnel  onto  these  flats,  the  other  keeping  inside  entirely  in 
tunnel.  I  believe  it  will  be  found  wisest  to  build  the  inside  line, 
even  at  the  expense  of  lengthening  the  tunneling.  The  distance  and 
curvature,  both  essentials  iu  a  trunk  line,  will  thereliy  be  lessened. 
The  photographs  of  the  Colorado  Caiion  show  clearly  that  much  of 
the  line  can  be  built  in  rock  cutting  on  the  comparatively  easy  slopes, 
and  the  tains  slopes  can  be  utilized  where  they  are  comj)osed  at  the 
base  of  heavy  stones  and  are  not  exposed  to  running  slides  from  above. 
These  running  slides  were  a  prominent  feature  of  the  Upper  Oroza  line 
in  Peru,  and  necessity  comi^elled  their  use.  Fortunately  no  fatal  acci- 
dents have  resulted,  although  a  locomotive  had  a  rock  of  about  1  000 
poimds  weight  crush  through  it,  wrecking  the  cab  and  starting  lever 
•without  killing  the  engineer  and  fireman,  who  were  men  of  nerve  and 
agility. 

In  the  narrow  gorges  of  the  Colorado,  where  the  walls  are  practically 
vertical  and  immeasurable,  tunneling  or  gallery  work  is  imperative. 
Galleries  are  quite  practicable  in  good  solid  rock.  At  the  entrance  of  the 
Chimbote  Caiion,  of  Huyna  Taquilj^an,  just  below  Tunnel  Number  1, 
a  gallery  was  designed.  The  location  on  the  vertical  clifi"  at  this  jioint 
was  made  by  arranging  a  system  of  ropes,  the  upper  line  fastened  to 
bolts  placed  in  the  rock  by  hanging  men  over  the  cliff,  the  lower  line 
about  five  feet  below  it  suspended  by  ropes  strung  diagonally  from  the 
upper  line.  The  men  walked  on  the  lower  rope  holding  fast  to  the  upper. 
The  two  caSons  are  quite  similar  in  one  respect.  No  man  ever  fell  into 
the  Santa  and  lived.  It  is  a  rushing,  roaring  mountain  torrent,  deep 
enough  to  drown  and  rocky  enough  to  kill;  often  with  a  12-mile 
current;  its  surface,  always  turbulent,  in  daylight  a  picture  of  demo- 
niac waters,  at  night  waking  the  stillness  by  grinding  huge  boulders 
together  in  its  bed.  The  Colorado  is  of  this  character  at  the  rapids, 
although  there  are  many  places,  as  Mr.  Stanton  states,  where  boats  can 
be  used  with  ease  and  safety. 

Mr.  Stanton  shows  how  wide  the  Colorado  Valley  often  becomes  at 
the  top,  reaching  15  to  20  miles  in  places.  This  would  mean  compara- 
tively easy  slopes  suitable  for  rough  construction  roads,  and  these  points 
are  often  quite  near  stations  on  the  existing  railways.  This  would 
seem  to  obviate  the  necessity  of  constructing  this  long  railway  from  the 
two  ends,  and  indicate  that  it  might  well  be  prosecuted  from  many  inter- 
mediate points,  perhaps  as  many  as  thirty  or  forty,  thus  shortening  the 
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time  necessary  for  construction.  All  the  most  apiiroved  methods  of 
modern  rock  construction  would  be  utilized,  and  all  the  tunnels  would 
be  driven  either  with  compressed  air  or  electrical  machinery.  At  best, 
an  immense  time  would  be  required  in  construction. 

The  Government  reports  show  that  the  vast  basin  of  the  Colorado 
contains  much  land  which,  when  the  district  is  ultimately  irrigated,  will 
be  suitable  for  the  habitation  of  an  immense  population  to  be  engaged 
in  the  cultivation  of  agricultural  products.  No  other  avenue  exists  for 
the  accomplishment  of  the  settlement  and  utilization  of  these  now  barren 
wastes,  than  that  now  presented  in  the  skillful  work  of  Mr.  Stanton. 
He  and  his  associates  deserve  great  credit  for  accomplishing  so  much  in 
the  wildest  carion  of  the  globe;  and  I  sincerely  trust  that  the  author  of 
this  interesting  paper  may  live  to  complete  this  great  work  which  he  has 
so  well  inaugurated. 

Samuel  M.  Eowe,  M.  Am.  Soc.  C.  E. — This  report  from  Mr.  Stanton, 
treating  as  it  does  of  a  jjortion  of  our  country  little  known,  but  of  which 
I  have  gained  some  knowledge  from  several  years  of  professional 
acquaintance,  possesses  more  than  usual  interest.  In  the  three  points, 
low  grades,  favorable  climatic  conditions  and  the  facilities  for  water 
supply — such  favorable  conditions  not  obtaining  in  the  case  of  either 
of  the  existing  overland  routes — Mr.  Stanton  gives  strong  points  that 
will  go  far  to  counterbalance  the  seemingly  unusual  cost  of  construc- 
tion. There  is  much  of  scientific  value  in  this  report  to  be  added  to 
our  too  limited  knowledge  of  the  region  in  question.  His  statement 
that  "  the  glacial  period  was  not  icy  but  rainy,"  corresponds  with  my 
observations,  and  accounts  for  peculiar  features  of  that  region  otherwise 
hard  to  reconcile  with  glacial  action.  The  appearance  of  the  Stanton 
party  at  the  Colorado  Bridge  possessed  to  me  all  the  interest  of  victori- 
ous veterans  returning  from  a  well  fought  battle.  They  are  entitled  to 
a  greater  measure  of  credit  than  can  be  conceived  by  any  but  those 
acquainted  with  the  region  traversed. 

John  E.  Eaely,  M.  Am.  Soc.  C.  E. — I  have  read  Mr.  Eobert  B. 
Stanton's  paper  with  much  interest.  A  low  grade  line  to  the  Pacific 
Ocean  would  undoubtedly  be  of  great  benefit  to  the  country  at  large, 
and  Mr.  Stanton  seems  to  have  found  a  line  which  will  also  be  a  paving 
investment  of  itself.  There  can  be  but  little  doubt  but  that  if  this  line 
is  so  "financed"  and  built  that  its  capital  account  will  not  represent 
more,  or  much  more,  than  its  actual  cost,  it  will  be  a  paying  investment 
to  its  builders.  But  we  all  know  how  much  "  water  "  can  get  into  the 
capital  stock  of  a  railway  during  its  construction  and  how  this  water 
keeps  the  line  down  during  the  first  years  of  its  operation. 

I  can  give  Mr.  Stanton  another  point  for  traffic  for  this  line,  viz. ,  a 
coal  traffic  for  Mexico.  Mexico  is  a  country  where  fuel  is  both  scarce- 
and  dear.  Its  ouly  jiroductive  coal  fields  are  near  the  Kio  Grande,  on 
the  Texas  frontier,  and  from  present  appearances  no  other  profitable  fields 
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•ssill  ever  be  discovered.  At  some  time  there  will  be  railway  connec- 
tious  with  the  Pacific,  and  it  is  probable  that  Mr.  Stanton's  line  would 
be  able  to  deliver  coal  at  Pacific  ports  at  such  a  price  that  it  would  be 
consumed  on  the  railways  and  at  the  towns  and  mines  of  the  Pacific 
slope  of  Mexico,  with  a  chance  of  its  use  in  the  interior.  I  write  the  above, 
knowing  that  it  is  claimed  there  is  good  coal  in  the  State  of  Sonora. 
This  coal,  however,  is  so  situated  that  it  will  not  be  available  with- 
out a  railway,  and  this  railway  would  be  so  dependent  on  the  coal  for  its 
traffic  that  it  should  be  considered  as  part  of  the  plant  for  working  the 
mine;  furthermore,  its  amount  is,  in  the  opinion  of  experts,  not  sufficient 
to  guarantee  such  an  investment  for  plant.  Whenever  this  coal  comes 
to  market  it  will  come  by  a  north  and  south  line  through  eastern  Sonora, 
as  part  of  such  a  hue's  business;  but  this  will  hardly  be  for  many  years, 
and  probably  not  for  a  long  time  after  some  line  has  been  built  dowu  to 
the  coast  from  the  interior. 

There  have  been  many  concessions  given  for  railways  to  the  Pacific 
by  the  Mexican  Government,  and  with  subventions;  but  the  subventions 
have  been  so  small  in  comparison  with  the  estimated  cost  of  construction 
and  the  prosj^ects  for  business,  that  no  company  has  yet  seen  fit  to  con- 
struct its  line.  It  would  not,  however,  be  surprising  if  before  long  this 
work  is  undertaken,  as  the  present  i^olicy  of  the  Government  seems  to 
be  to  refuse  to  extend  concessions  with  subventions  and  to  declare  them 
forfeited  when  they  lapse;  this  is  leading  both  the  railway  companies 
and  the  capitalists  to  make  the  most  of  the  concessions  now  in  hand. 
This  is,  perhaps,  wandering  from  the  subject,  but  may  be  taken  as  addi- 
tional information  of  interest  regarding  the  prospects  for  business  of  Mr. 
Stanton's  liue. 

Mr.  Stanton's  paper  brings  out  strongly  the  availability  of  canons  in 
general  for  railway  construction.  I  think  they  are  usually  found  more 
available  than  they  appear  at  first  examination.  A  railway  line  is  so 
small  and  narrow  a  thing  as  compared  with  a  carion — even  a  narrow  one 
— that  it  can  be  laid  on  the  beaches  and  shelves  and  hung  on  the  slopes 
of  the  cafion,  without  disturbing  the  main  features  of  the  topography. 
Even  in  the  closest  caiions,  it  is  usually  found  that  the  really  difficult 
portions  which  first  catch  the  eye  and  which  remain  longest  in  the  recol- 
lection, comprise  only  a  small  proportion  of  the  length.  The  caSons 
furnish  the  lines  of  low  grade  through  the  mountains,  and  in  many  cases 
the  resistance  to  traffic  is  given  by  the  resistance  of  the  curve  of  mini- 
mum radius  rather  than  by  the  fall,  so  that  there  is  a  maximum  grade 
greater  than  the  fall  of  the  caiion,  which  can  be  used  without  detriment, 
which  allows  the  position  of  the  line  to  be  varied  on  the  sides  of  the 
caiion  within  moderate  limits,  in  seeking  for  the  best  ground.  Many 
such  variations  result  in  a  cheapening  of  the  line  below  the  estimates 
from  the  leconnoissance. 

I  note  the  difficulties  of  the  reconnoissance  and  the  use  of  photog- 
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raphy.  Engineers  seem  able  to  go,  as  a  matter  of  business,  wherever 
there  is  need  for  them.  A  friend  used  to  say  that  the  entrance  to  the 
interior  of  Africa  would  be  found  and  no  fuss  made  or  books  written 
about  it,  when  some  engineer  started  out  to  find  a  line  for  a  railway  into 
it.  The  use  of  a  reconnoissance  and  report  on  a  line  of  railway  being  to 
give  the  projectors  and  possible  investors  as  clear  an  idea  as  possible  of 
it,  I  consider  the  photographs  obtained  as  of  the  greatest  value. 

I  note  that  the  work  can  be  carried  on  from  many  points  at  once  and 
this  will  be  of  great  advantage.  Without  doubt  other  ways  of  entering 
the  canon  will  be  found  if  they  are  required.  Mule  or  jack  trails  are 
not  hard  to  find,  and  the  cost  of  transportation  of  tools  and  supplies  for 
construction  by  them  does  not  add  much  to  the  cost  of  a  line.  Probably 
advantage  would  be  taken  of  times  of  high  water  to  send  su^jplies  down 
the  river  by  flat  boats,  as  coal  is  now  sent  down  the  Cumberland  River, 
the  boats  not  returning  but  being  sold  for  other  purjDOses. 

From  Mr.  Stanton's  paper,  it  seems  to  me  that  the  line  should  be 
built,  that  it  will  pay  for  building,  and  that  Mr.  Stanton,  if  he  should 
build  it,  would  i^robably  find,  when  the  accounts  are  all  in,  that  he  has 
not  underestimated  the  diflSculties  and  cost. 

J.  Feancis  Le  Baron,  M.  Am.  Soc.  C.  E. — After  reading  Mr. 
Stanton's  very  clearly  written  paper,  it  would  almost  ai^pear  as  if  these 
canons  of  the  Colorado  were  made  expressly  for  the  purpose  of  a  railroad 
line,  as  if  nature,  in  the  fulfillment  of  her  beneficent  plan,  had  cut 
these  tremendous  gorges  through  the  everlasting  hills  to  afi'ord  an  easy 
passage  for  the  commerce  of  a  great  country ;  but  it  required  a  bold  and 
fearless  mind  to  first  grasp  the  value  and  possibilities  of  such  a  route, 
which  at  first  sight  might  appear  as  a  visionary  or  foolhardy  scheme. 
The  more  the  subject  is  studied,  however,  the  greater  its  advantages 
appear.  There  is  nothing  in  these  days  that  the  American  engineer  or 
contractor  will  fear  to  attemjjt,  when  backed  by  soiind  science  and 
capital.  The  use  of  river  valleys  and  gorges  is  and  has  been  universal 
for  railroad  locations,  but  this  project  is  unique  in  its  fearlessness, 
grandeur  and  extent. 

The  location,  by  the  writer,  of  the  Petersborough  and  Shirley  Pail- 
road,  through  the  Unconunuc  and  Monodnoc  Mountains  of  New  Hamp- 
shire, while  not  comparable  with  the  line  under  discussion,  afi'orded 
some  details  of  a  similar  nature  where  the  transit-man  had  to  be  lowered 
down  to  his  station  by  ropes  and  the  instrument  taken  off  of  the  tripod 
and  set  up  on  the  bare  rock.  Such  instances  are  by  no  means  rare 
on  railroad  surveys,  even  in  the  eastern  portion  of  the  United  States. 
Siich  locations  are  often  found  more  formidable  in  the  survey  than  the 
construction.  General  Fremont's  explorations  for  a  railroad  route  over 
the  Rocky  Mountains  were  fully  as  dangerous,  and  the  building  of  a 
transcontinental  railroad  appeared,  at  that  time,  far  more  impracticable 
than  this  line  does  now. 
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The  construction  of  a  railroad  on  such  a  location  as  is  proposed 
through  the  Colorado  Canon,  is  infinitely  easier  than  the  construction 
of  such  a  line  as  the  Nicaragua  Ship  Canal  Railroad,  for  instance;  the 
location  of  which  was  made  under  the  writer's  direction,  in  a  country 
where  the  annual  rainfall  is  320  inches  per  year,  and  which  was  limited 
at  every  step  by  the  line  of  the  canal  itself  and  its  flooded  basins  and 
embankments,  rendering  it  necessary  to  lay  out  the  line,  for  the  most 
part,  transverse  to  the  natural  drainage  lines  of  the  country  through  the 
divides  of  the  Cordilleras.  This  is  the  railroad  which  is  required  to  aid 
in  the  construction  of  the  ship  canal. 

The  availability  of  the  proposed  Colorado  line  for  a  grand  trunk 
route,  seems  to  be  clearly  shown  by  Mr.  Stanton's  interesting  and 
graphic  description;  but  this  availability  must,  of  course,  be  governed 
by  the  character  of  that  i^art  of  the  line  from  the  terminus  of  the  survey, 
or  at  Yuma,  across  the  Sierra  Nevadas  to  the  Pacific  Coast  at  San  Diego, 
and  of  this  I  have  no  information  except  in  a  general  way.  Many  of  the 
details  of  construction  through  these  caiions  wUl  undoubtedly  be 
rendered  more  feasible  and  less  expensive  if  a  careful  location  should 
be  made.  For  instance,  the  long  aggregate  of  river  embankments,  which 
I  would  consider  highly  dangerous  and  expensive  in  a  river  of  this, 
character,  can  perhaps  be  avoided  by  crossing  the  stream,  or  by  raising, 
the  grade  for  some  distance.  The  so-called  half  tunnels  can  probably 
be  blasted  out  in  great  masses  by  drilling  horizontally  from  platforms- 
suspended  by  ropes  in  front  of  the  scarp  wall,  and  it  may  be  that  some 
of  the  timber  and  ties  can  be  floated  down  the  river  to  available  points,, 
reducing  the  cost  of  transportation. 

The  absence  of  snow  in  winter  will  largely  reduce  the  cost  of  opera- 
tion and  maintenance  of  this  line,  which  is  a  great  i^oint  in  its  favor  a& 
comi^ared  with  other  lines;  as  is  also  the  abundance  of  water  for  the 
engines,  the  freedom  from  caving  or  washing  earth  banks,  and  the  great 
abundance  of  stone  ballast. 

It  would  seem  that  the  local  freight  traffic  of  this  road  will  be  largely 
mineral,  collected  along  the  line,  for  distribution  at  the  termini.  The 
fact  of  its  low  level,  making  all  its  branches  have  a  down  grade  to  it, 
will  be  an  advantage,  and  it  seems  certain  that  it  never  will  be  vexed 
with  grade  crossings  and  damages  arising  therefrom. 

The  question  of  "Will  it  pay?"  may  properly  be  included  in  a  dis- 
cussion of  general  availability,  and  the  first  thing  that  occurs  to  me  is 
the  unique  fact  that,  from  the  necessity  of  its  location,  it  cannot  pass 
through  any  sites  of  future  large  cities,  although  it  may  possibly  some 
day  find  itself  near  the  suburbs  of  some  metropolis  yet  to  be  built. 
This  might  be  looked  upon  as  an  advantage  in  many  ways  rather  than 
otherwise;  for  instance,  by  lessening  the  labors  of  the  legal  department 
in  the  matter  of  damages  and  claims  for  injuries  to  persons,  teams  and 
cattle  on  the  track,  the  costs  of  fences  and  gates,  and  expenses  for  right 
of  way  and  depot  grounds. 
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Tlie  relative  capacity  and  oj^erating  expenses  of  such  a  road,  with  no 
grades  higher  than  oae-half  of  1  jjer  cent.,  as  comi^ared  with  a  high  level 
road,  with  grades  of  2  to  2i  per  cent.,  is  the  most  important  point  to  be 
considered  in  the  question,  Will  it  pay?  and  would  seem  of  itself  to  de- 
cide the  question  in  the  affirmative,  esi^ecially  as  the  cui-^^ature  is  probably 
no  sharper  than  in  many  cases  would  be  necessary  on  a  high  level  road. 
According  to  Wellington's  most  excellent  treatise  on  Railway  Loca- 
tions, the  ratio  of  gross  weight  of  train  to  tractive  j^ower  required  is,  for 
a  grade  of  one-half  of  1  per  cent.,  111.11,  but  with  a  grade  of  2^  per 
cent,  only  34.48.  The  net  load  of  train  in  tons  that  can  be  hauled  up  a 
one-half  per  cent,  grade  varies  from  504  to  1  357  tons,  according  as  a 
very  light  or  very  heavy  engine  is  used,  while  on  a  2^  per  cent,  grade 
only  120  to  361  tons  can  be  hauled.  This  means  that  a  larger  number  of 
trains  must  be  used  to  transport  a  given  amount  of  freight,  and  where 
one  train  will  suffice  on  a  level  track,  it  will  require  2.33  on  a  grade  of 
one-half  per  cent,  and  8.79  trains  on  a  grade  of  2^  i^er  cent.  The  cost 
per  year  of  1  000  ton  miles  daily  over  a  one-half  per  cent,  grade  is  stated 
to  be  ^18. 75,  while  over  a  2^  per  cent,  grade  it  will  be  $26.72. 

J.  FosTEK  Ckowell,  M.  Am.  Soc.  C.  E. — For  those  of  us  who  were 
present  on  the  occasion  which  Mr.  Stanton  refers  to,  at  Cresson,  viewed 
his  remarkable  photographic  ensemble  of  the  caiion  and  listened  with 
eager  interest  to  his  narration  of  the  difficulties  and  perils  of  the 
survey  through  those  stupendous  gorges — this  paper,  giving  its  results, 
possesses  an  added  interest.  To  those  who  were  not  so  fortunate  it 
may  be  mentioned,  that  Mr.  Stanton's  reference  to  the  photographic 
features  fails  to  give  an  adequate  idea  of  the  very  comprehensive  and 
satisfactory  showing  that  these  photographs  make  of  the  characteristics 
of  the  various  caiions,  of  their  formation  and  of  the  topographical  de- 
tails of  the  caiion  walls,  throughout  the  many  miles  which  the  series 
embraced,  as  Mr.  Stanton  says,  almost  continuously.  The  lantern  ex- 
hibition of  these  views  was  not  only  demonstrative  as  to  the  object,  but 
also  of  the  great  value  of  the  camera  as  a  surveying  instrument.  To  it 
is  largely  due  the  fact  that  this  examination,  which  otherwise  would  have 
been  but  a  reconnoissance,  possesses  the  value  of  a  careful  preliminary 
survey. 

The  character  of  the  paper  is  such  that  intelligent  discussion  in  detail 
is  not  Avithin  the  resources  of  those  who  are  not  fully  acquainted  with  the 
region  of  the  caiions;  as  I  am  of  that  number,  I  shall  confine  my  brief 
comment  to  a  word  upon  the  considerations  which  to  me  seem  to  recom- 
mend Stanton's  route,  assuming  its  entire  availability  to  be  demon- 
strated. First  of  all  and  more  than  all,  is  its  low  grade  feature.  Eail- 
road  projectors  have  become  so  inured  to  high  gradients  that  4,  5  and 
even  6  per  cent,  are  not  deemed  obstacles  to  a  location.  The  pro- 
jectors ascertain  the  latest  performance  of  locomotives  as  grade  climb- 
ers and  govern  themselves   accordingly.      Afterward,  when  the   roads 
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are  completed  and  the  operating  oflScers  begin  their  never-euding  and 
ruinous  struggle  against  the  laws  of  gravity,  it  is  generally  too  late  to 
correct  the  evil  and  the  road  is  handicapped  for  all  time.  The  enormous 
advantage  of  a  line  with  a  maximum  grade  in  either  direction  of  not 
more  than  one-half  of  1  per  cent,  as  against  the  present  high  grade  lines 
southwest  of  Denver,  is  too  aj^pareut  to  be  dw-elt  upon.  Mr.  Stanton 
states  that  even  a  lighter  rnling  is  practicable.  But,  of  course,  the 
ultimate  success  of  a  railroad  depends  upon  the  amount  of  traffic,  and 
it  is  i^robably  true  that  in  this  year  the  traffic  in  suitable  volume  to 
predicate  the  commercial  success  of  this  proposed  road  is  not  within 
sight.  It  by  no  means  follows  that  it  will  not  appear  speedily.  We  in 
the  East  are  apt  to  regard  all  such  projects  from  the  transcontinental 
point  of  view;  the  applicability  of  a  railroad  through  the  Colorado 
caiious  has  this  point  of  view,  but  only  in  a  minor  sense  ;  its  true 
function  would  be  to  aid  in  develoi)ing  the  Southern  Pacific  coast. 
What  that  development  "wiU  call  for  upon  the  completion  of  the 
Nicaragua  Canal,  or  even  without  it,  can  only  be  conjectured,  but  we 
may  safely  jjresume  that  the  requirements  will  be  vast.  A  second  im- 
portant recommendation  of  the  caiion  route  is  its  comparative  freedom 
from  snow;  a  very  valuable  feature  from  the  standpoint  of  both  the 
operating  and  traffic  departments,  besides  saving  the  enormous  outlay  in 
first  cost  and  maintenance  of  snow  sheds  and  chutes,  where  necessary  on 
the  mountain  lines. 

Mr.  Stanton  has  put  in  evidence  the  indications  which  refer  to  the 
possibility  of  local  development,  which  would  seem  to  contirm  the 
future  success  of  the  proposed  line  as  far  west  as  Yuma,  independently  of 
the  commerce  to  be  reached  hereafter  at  the  port  of  San  Diego.  What- 
ever may  be  the  outcome,  we  as  engineers  should  congratulate  our 
fellow-member  and  his  associates  upon  the  thorough  and  admirable  man- 
ner in  which  this  exploration  and  survey  have  been  carried  out  in  the 
face  of  almost  insuperable  difficulties  and  amid  disaster  and  death;  that 
is  an  achievement  in  itself  of  w'hich  they  may  well  be  proud. 

As  a  voyager  of  some  little  experience  in  exploring  and  navigating 
rivers  beset  with  rai^ids,  I  would  add  a  word  as  to  the  best  form  of  boats 
to  be  used;  this  at  first  sight  appears  to  be  an  unimportant  detail,  but 
as  the  sad  sequel  proved,  ia  this  expedition  it  was  the  most  important. 
Mr.  Stanton  describes  the  improved  cedar  boats  built  for  the  second 
attempt  in  the  light  of  the  first  disastrous  expei'ieuce  and  they  appear  to 
have  rendered  good  service.  But  a  canoe-shaped  boat  built  of  steel,  on 
whaleboat  lines,  with  air  compartments  fore  and  aft  and  propelled  with 
paddles  instead  of  oars,  can  be  made  much  lighter,  is  non-sinkable,  and 
will  stand  the  roughest  usage  and  most  violent  concussions  without  detri- 
ment. Such  boats  are  used  by  the  Nicaragua  Canal  peojjle  and  were 
the  outcome  of  many  years  of  experience  with  wooden  ship's  boats  and 
native  canoes.     Their  cost  is  not  great;   they  can  be  transported  any- 
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where  "without  injury,  have  no  seams  to  oijen,  and  can  be  quickly 
repaired.  As  an  auxiliary  transport  for  i^rovisions,  records,  ammu- 
nition and  other  perishable  articles,  I  would  recommend  air-tight  me- 
tallic balsas,  in  pairs,  fitted  either  for  being  paddled  or  lowered,  or 
dragged  up  through  rapids  in  cases  where  open  boats  could  not  be  kept 
dry.  As  speed  is  no  object  in  the  balsas,  they  can  be  made  very  roomy 
and  strong  at  both  ends;  and  they  should  be  provided  with  two  or  more 
packing  holes,  secured  with  air-tight  covers  for  getting  at  the  cargo. 

Mr.  Stanton  has  referred  to  the  possibility  of  making  use  of  the  Avater 
power  in  the  canons  for  generating  electricity  to  be  apjilied  to  rock 
drilling.  This  seems  entirely  feasible  and  the  power  would  ajDpear  to 
be  inexhaustible,  so  that  not  rock  drills  alone,  but  devices  for  removing 
debris,  laying  up  rock  slopes  and  setting  masonry,  and  contractor's 
locomotives,  could  also  be  operated.  Indeed  it  is  not  altogether  vision- 
ary to  point  out  that  by  the  time  this  railroad  shall  be  constructed,  it 
may  become  mechanically  and  commercially  practicable  to  operate  the 
entire  railroad  from  end  to  end  with  the  power  of  the  caiion  in  electrical 
application. 

Mr.  Stanton  shows  a  commendable  conservatism  in  locating  his  line 
generally  well  back  from  the  river  in  exposed  localities.  I  think  he  will 
be  entirely  justified  in  adopting  the  alternative  lines  he  has  indicated 
and  even  in  jsursuing  this  policy  to  a  still  greater  extent;  thus,  while 
requiring  greater  length  of  tunnel  and  increasing  the  first  cost,  he  may 
avoid  dependence  on  the  talus  where  any  doubt  exists  as  to  its  permanent 
stability.  It  is  quite  true  that  important  lines  and  structures  are  not 
infrequently  founded  on  talus,  but  it  is  wiser  not  to  allow  it  to  consti- 
tute a  sole  dependence  where  other  and  safer  possibilities  exist.  This 
remark  apj^lies  with  still  greater  force  to  the  flats,  whose  permanence 
must  always  be  problematical.  This  is  not  ofifered  as  adverse  criticism, 
but  only  by  way  of  emi^hasizing  a  consideration  which  has  already  been 
placed  before  us  in  the  paper.  The  safer  line  is,  in  the  case  of  the  more 
difficult  portions,  the  shorter,  and  the  condensed  classification  of  the 
Glen  Caiion  Division  shows  that  in  the  alternative  location  "B,"  there 
is  a  saving  of  18 1  miles  of  line  gained  at  the  expense  of  6 J  miles  of  rock 
tunnel.  Figures  of  cost  are  not  given,  but  if  we  assume  average  prices 
and  capitalize  at  5  per  cent,  annually  the  cost  of  maintenance,  renewals 
and  operating  the  18J  miles  of  distance  saved,  computed  on  a  basis  of 
moderate  traffic, — we  will  find  that  the  excess  in  first  cost  will  be  very 
nearly  balanced,  not  taking  into  acco^mt  the  value  of  insurance  against 
.  risk  and  the  saving  in  time  to  passengers,  both  tending  to  augment 
travel. 

But  even  in  cases  where  the  financial  showing  would  not  be  so  favor- 
able, I  believe  this  course  should  be  followed  irrespective  of  first  cost, 
and  the  line  located,  as  the  author  of  the  papier  has  well  stated  elsewhere, 
"on  as  permanent  and  safe  ground  as  the  nature  of  the  caiion  walls  will 
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permit,  believing  as  I  do  that  this  '  railroad  of  the  future '  should  be 
built  for  ultimate  value  and  profit  even  at  a  much  greater  cost."' 

Latham  Andekson,  M.  Am.  Soc.  C.  E. — Mr.  Stanton's  paper  is  a 
valuable  contribution  to  our  knowledge  of  the  geography  of  this  con- 
tinent, and  also  to  his  daring  enterjirise  in  prosecuting  the  survey.  It 
is  interesting  to  know  that  a  lailroad  can  be  constructed  through  this 
mighty  chasm.  It  is  always  pleasing,  especially  to  members  of  our 
profession,  to  see  any  new  instance  of  the  subjugation  of  matter  to  mind 
in  overcoming  apparently  insurmoiTutable  obstacles.  Apart  from 
these  considerations,  the  benefit  of  this  survey  is  not  apparent.  In  the 
opinion  of  the  writer  there  is  no  equal  area  of  the  earth's  surface  in  any 
civilized  country  in  which  a  railroad  would  be  of  so  little  practicable 
benefit.  If  the  sole  object  be  to  transport  the  coal  of  Utah  to  the  Pacific 
Coast,  a  much  shorter  and  better  line  could  certainly  be  found;  e.  g.y 
beginning,  say,  at  Frisco  (the  present  terminus  of  a  line  of  railroad)^ 
running  thence  southwestwardly  in  the  vicinity  of  Pioche,  through 
Yegas  Valley,  and  south  of  the  Amargosa  Desert,  up  the  Yalley  of  the 
Mojave  to  Barstow,  on  the  Atlantic  and  Pacific  Railroad.  Most  of  the 
country  traversed  by  the  line  just  described  is  about  as  inhosj^itable  a 
desert  as  can  be  found  on  the  face  of  the  earth.  But  it  has  one  crown- 
ing advantage  over  the  line  in  the  chasm;  that  is,  the  people  living  on 
either  side  of  the  road  could  get  to  the  cars.  The  desert  just  described! 
is  bad  enough,  but  it  has  some  oases  scattered  through  it.  There  are- 
rich  mining  districts  of  the  precious  metals,  and  there  is  so  much  o^ien 
country  to  traverse,  that  there  is  every  reason  to  presume  the  line  would 
be  less  costly  than  the  line  in  the  Caiion.  As  you  approach  this  abyss, 
the  plains  on  either  side  are  rent  by  chasms  similar  in  character  to  the 
Grand  Caiion  itself,  and  these  have  side  caiions  equally  precipitous. 
This  great  table  land,  interspersed  with  mountain  summits,  becomes 
more  and  more  sterile  and  unproductive  as  you  approach  the  main  river. 
Water  is  at  least  as  scarce  here  as  on  any  part  of  the  desert.  Even 
where  gold  or  silver  mines  exist,  fuel  and  water  are  so  scarce  and  access 
to  the  country  so  difficult,  that  the  mining  of  even  the  highest  grade  of 
ores  must  prove  unremunerative.  Imagine  a  man  working  a  mine  near 
the  brink  of  such  a  precipice.  He  may  be  within  sight  or  even  within 
hearing  of  the  cars  a  mile  below  him,  but  it  would  require  a  half  day's 
journey  down  precipitous  roads  to  get  to  the  nearest  station,  and,  of 
course,  still  more  of  an  undertaking  to  climb  back  again. 

The  fact  that  the  expedition  found  some  evidence  of  gold  in  the  river 
or  mesa  gravel  at  several  points  on  the  route,  cuts  no  figure  at  all  in 
overcoming  such  insuperable  obstacles  to  the  profitable  operation  of  a 
railroad  in  the  bottom  of  such  an  inaccessible  hole  as  this. 

J.  L.  Bablow,  M.  Am.  Soc.  C.  E. — Mr.  Stanton  divides  his  paper 
into  two  questions,  first  as  to  the  feasibility  of  the  Colorado  for  a  rail- 
way line,   and   second   as   to   its  advisability.      The  feasibility  of  the 
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Colorado  for  railroad  purposes  becomes  a  matter  of  little  interest,  un- 
less its  construction  can  be  shown  to  be  a  business  ijroposition  and  one 
whicli  gives  promise  of  answering  the  question  of  its  advisability  in  the 
affirmative. 

Mr.  Stanton's  tables  of  classification  show  a  very  heavy  line;  to  con- 
struct jorobably  f40  000  per  mile  for  its  entire  distance  Avould  be  a 
moderate  estimate,  or  perhaps  $40  000  000  or  $50  000  000  to  build  from 
Grand  Junction  to  San  Diego,  its  one  advantage  being  that  it  is  a  very 
low  grade  line  for  the  greater  portion  of  its  distance. 

The  Union  Pacific  now  has  its  grade  completed  to  a  point  30  miles 
south  of  Pioche,  Nevada,  to  tajj  the  mines  in  that  district,  and  complete 
surveys  southwest  into  California  (the  ruling  maximum  grade  being 
1  per  cent.)  show,  that  at  such  time  as  it  may  be  deemed  advisable, 
the  connecting  link  can  be  built  at  from  10  to  12  per  cent,  of  the  cost 
of  the  Colorado  Caiion  route,  thus  completing  a  substantially  parallel 
line  to  the  Colorado  River,  answering  all  the  commercial  purposes  of 
the  latter,  and  a  shorter  through  line  to  the  East,  going  via  Salt  Lake 
and  Ogden  instead  of  via  Denver.  The  same  comparative  portions  of 
each  route,  taken  by  adding  the  construction  cost  and  capitalized  value 
of  operating  any  probable  amount  of  traffic  they  may  have,  will  show 
unfavorably  to  the  Colorado  Caiion  route. 

The  writer  is  also  familiar  with  a  considerable  portion  of  the  route 
surveyed  by  a  new  company  about  two  years  ago,  from  the  vicinity  of 
Grand  Junction  to  Southern  California,  averaging  to  run  parallel  to  the 
Colorado  River  on  the  north  and  west  side,  at  a  distance  varying  from 
25  to  150  miles,  which,  when  compared  to  the  Colorado  Caiion  route, 
will  also  show  the  same  result  as  above,  though  perhaps  in  a  lesser 
degree. 

The  winter  of  1889-90,  in  regard  to  snowfall  and  railway  blockades, 
was  the  most  serious  in  many  years  in  the  western  portion  of  the  United 
States  ;  yet  the  snow  was  never  deep  enough  in  southern  Utah  to  seri- 
ously impede  the  writer's  progress,  and  he  traveled  many  hundred  miles 
by  buckboard  along  the  routes  of  survey  in  making  the  reconuoissance, 
and  often  on  no  wagon  roads. 

The  question  of  any  given  route's  feasibility  is  very  largely  of  a  com- 
parative nature,  and  while  the  writer  has  no  personal  knowledge  of  the 
Colorado  River  and  its  caiions,  except  below  the  month  of  the  Rio 
Virgin,  yet  from  Mr.  Stanton's  description  of  the  route  above  that  point 
and  his  own  observation  below,  as  compared  with  the  completion  of 
another  route  already  partly  built,  or  the  construction  of  a  new  and 
totally  diflerent  one  as  indicated  above, — he  is  inclined  from  such  a 
standpoint  to  doubt  the  feasibility  of  the  caiion  route. 

As  regards  its  advisability  or  the  question  of  "Will  it  pay  ?"  Mr. 
Stanton  indicates  its  three  main  sources  of  revenue,  viz. :  1.  Its  share  in 
the   transcontinental   business.     2.  Colorado   and  Utah  coal  traffic  to 
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South  California.  3.  Local  business.  In  regard  to  the  first,  there  are 
already  two  transcontinental  roads  competing  for  Southern  California 
business  direct,  Avhile  a  third  (the  Union  Pacific)  indirectly  forms  an 
active  competitor  via  the  Central  Pacific  and  San  Francisco — all  three 
roads  raaintaiuiug  traflSc  agencies  in  Southern  California,  with  through 
freight  lines  and  passenger  coaches.  With  three  competing  rail  lines 
and  the  probability  of  another  formidable  competitor  in  the  Nicaragua 
Canal,  it  will  be  seen  that  the  Colorado  Cafion  route  can  command  but  a 
small  proportion  of  the  transcontinental  business,  and  that,  iu  tiarn, 
practically  confined  to  the  district  of  Southern  California. 

Concerning  the  second,  or  coal  trafBc,  the  British  Columbia  and 
Puget  Sound  coal,  mined  at  or  near  tide  water,  is  carried  hj  steam 
colliers  to  San  Francisco  for  $2  per  ton,  and  Southern  California  for  -SS 
per  ton.  Mr.  Stanton  cites  even  San  Francisco  as  within  the  scope  of 
the  coal  business  of  the  new  road.  In  order  to  successfuly  comj^ete  can 
this  i^roposed  route  carry  Colorado  coal  to  Southern  California  for  one- 
quarter  of  a  cent  per  ton  mile  ?  Or  from  Utah  at  one-third  of  a  cent  i>ev 
ton  mile  ?  And  to  compete  in  San  Francisco  the  rate  would  have  to  be 
about  one-eighth  and  one-sixth  cents  per  ton  mile  respectively. 

In  regard  to  the  third  source  of  revenue — the  local  business — it  can 
only  be  a  matter  of  conjecture,  but  the  writer  believes  that,  taken  as  a 
whole,  there  is  no  other  stretch  of  a  thousand  miles  of  country  in 
America  which  is  more  barren  or  gives  less  prosi^ect  of  developing  local 
business  for  a  railroad  than  does  this.  And  the  advantage  claimed  with 
regard  to  local  business  by  reason  of  being  in  the  bottom  of  these  com- 
paratively narrow  vallevs  and  caiions,  can,  with  equal  force,  be  urged 
against  it,  by  reason  of  inaccessibility  from  a  compai'atively  wide  belt  of 
tributary  country.  Aside  from  these  questions,  the  boldness  and  nerve 
required  to  successfully  carry  out  such  a  hazardous  expedition,  and  the 
value  of  this  research  as  an  exploration  and  engineering  reconnoissance, 
will  be  appreciated  by  every  engineer  who  reads  Mv.  Stanton's  i^aper, 

Lewis  Kingman,  M.  Am.  Soc.  C.  E. — I  have  read  with  much  jjleasure 
and  interest  Mr.  Stanton's  papier  on  his  Colorado  Canon  survey.  The 
difficulties  and  dangers  overcome  have  been  great;  the  results  are  valu- 
able and  highly  commendable;  it  has  been  demonstrated  that  a  railway 
can  be  constructed  through  the  Grand  Canon  and  that  it  can  be  done 
within  I'easonable  limits  of  cost  for  caiion  work.  I  have  spent  two  de- 
cades on  railway  location  and  construction  in  the  Southwest,  and  two 
years  in  charge  of  the  location  of  the  Atlantic  and  Pacific  Railroad, 
through  northern  Arizona,  from  the  Little  Colorado  to  the  Needles  on 
the  Colorado  River;  a  distance  of  nearly  300  miles  in  the  country  south 
of  the  Grand  Caiion. 

I  would  congratulate  Mr.  Stanton  on  being  alive  and  well.  It  is  not 
often  that  an  engineer  is  accomiianied  on  an  exploring  expedition  by  the 
President  of  the  company,  he  is  usually  sent  with  the  best  wishes  of  the 
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higher  officials.  We  have  heard  of  proposed  laws  requiring  the  President 
to  ride  on  the  cow-catcher  to  insure  the  safety  of  his  trains;  but  in  this 
instance  a  railroad  president  volunteers  to  go  to  the  front  on  a  most 
hazardous  expedition  and  loses  his  life.  I  think  President  Brown 
should  have  a  monument  as  high  as  the  walls  of  the  Grand  Caiion  to 
commemorate,  among  men,  an  act  so  rare. 

I  do  not  question  the  practicability  of  building  a  road  through  the 
caiion;  engineers  can  do  almost  anything  if  there  is  really  an  inducement 
for  cai^ital  to  support  them,  and  a  reasonable  assurance  that  it  will  pay. 
A  line  from  Colorado  to  the  Pacific  passes  over  a  country  of  magnificent 
distances.  From  Grand  Kiver  to  the  Rio  Virgin  it  is  668  mUes;  the  line 
for  the  greater  part  of  the  distance  is  inaccessible,  and  there  is  but  little 
inducement  to  build  branch  lines.  The  distance  from  Grand  Junction  to 
the  Needles  is  793  miles;  the  distance  from  the  Needles  via  the  Atlantic 
and  Pacific  Railroad  to  San  Diego  is  374  miles,  an  air  line  between  the  two 
points  being  about  215  miles.  It  is  possible  a  line  might  l)e  locateel  saving 
100  miles  of  the  Atlantic  and  Pacific  distance;  we  would  then  have  1  067 
miles  from  Grand  Junction  to  tide  water  at  San  Diego.  The  coal  traffic 
would  be  one  of  the  princii^al  items  of  business  for  the  new  line  through 
the  caiion.  Taking  the  cost  of  coal  F.  O.  B.  at  Grand  Junction  to  be 
$1  per  ton  and  freight  charges  at  three-fourths  of  a  cent  per  ton-mile,  it 
would  cost  delivered  at  San  Diego  $9  per  ton.  A  railroad  might  be 
located  from  the  southwest  Utah  coal  fields  via  Rio  Virgin  and  the 
Colorado  River,  and  shorten  the  distance  from  the  coal  fields  to  San 
Diego  to  about  600  miles;  then  with  coal  costing  SI  and  freight  three- 
fourths  of  a  cent  per  ton-mile,  coal  would  cost  35.50  jier  ton  at  San  Diego, 
and  if  the  quality  was  first-class  they  might  control  the  market.  On 
January  -Ith,  1892,  Wellington,  Scotch,  English  and  Santa  Fe  coal  was 
quoted  worth  from  S8.25  to  S8.75  F.  O.  B.  at  the  wharf  at  San  Diego. 
At  Los  Angeles,  on  the  same  date,  Gallup,  New  Mexico,  coal  was  selling 
for  S8.50,  and  Wellington  coal  for  SIO  per  ton.  At  San  Francisco,  on 
the  2d  of  January,  1892,  the  prices  were  as  follows  on  2  240  pounds  to 
the  ton,  F.  O.  B.  at  the  wharf: 


Wellington $7  25 

New  Wellington 8  00 

Naniamo 6  75 

Seattle 5  00 

Coos  Bay 5  00 

English 7  00 


Australian S7  00 

Pennsylvania  anthracite. . .  10  50 

English  coke 8  00 

Colorado  anthracite,  2  000 

I)ounds  to  the  ton 12  50 


From  Mr.  Stanton's  tables  showing  the  amount  of  coal  used  at  San 
Diego  in  the  first  six  months  of  1890,  only  19  309  tons  were  received;  this 
•would  be  38  618  tons  a  year,  or  2  575  carloads;  about  8  carloads  a 
day;  the  whole  would  not  make  a  very  large  item  for  any  one  railroad. 
One  reason  for  the  great  ditfereuce  in  the  prices  of  coal  at  San  Diego 
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aud  San  Francisco  is  the  amount  handled,  another  reason  is  that  shijis 
coming  to  San  Diego  cannot  get  any  return  cargoes.  Mr.  Stanton's 
tables  indicate  that  there  is  about  twenty-eight  times  the  amount  of  coal 
received  at  San  Francisco  that  there  is  at  San  Diego. 

The  distance  from  Galluj)  on  the  Atlantic  and  Pacific  Railroad  to  San 
Diego  is  71(1  miles.  This  is  270  miles  nearer  to  San  Diego  than  Grand 
Junction  would  be;  yet  the  distance  and  cost  of  Gallup  coal  explains  why 
only  2  000  tons  of  this  coal  were  sent  to  San  Diego  in  the  years  men- 
tioned. At  Los  Angeles,  where  other  coal  has  to  be  reloaded  and 
shipped  by  rail,  Gallup  coal  is  sold  for  $8  50,  a  price  which  allows  it  to 
be  used  in  competition  with  other  coal.  Colorado  anthracite  is  sold  now 
for  53  per  ton  of  2  000  pounds  F.  O.  B.  at  Crested  Butte.  The  distance 
to  San  Francisco  is  1  394  miles,  the  freight  to  San  Francisco  is  ^9  50, 
which  makes  this  coal  cost  $12  50  per  ton  of  2  000  pounds;  while  a  ton 
of  2  240  ijounds  of  Pennsylvania  anthracite  is  sold  F.  O.  B.  at  the  wharf  at 
Sau  Francisco  for  $10  50.  By  the  caiion  line  it  would  be  1  220  miles 
from  Crested  Butte  to  San  Diego;  then  reckoning  as  before  freight  at 
three-quarters  cent  per  ton,  we  would  have  tlie  first  cost  of  anthracite 
coal  $3,  freight  $9  76,  cost  at  San  Diego  $12  76,  which  would  not  allow  it 
to  Qompete  with  Pennsylvania  anthracite.  That  coal  and  coke  could  be 
delivered  and  sold  at  San  Diego  from  any  place  on  the  D.  C.  C.  and 
Pacific  Kailroad,  or  its  proposed  branches,  for  from  one-half  to  one- 
third  the  jjresent  market  pi'ices,  does  not  seem  apj^arent;  they  could  not 
deliver  coal  at  Sau  Diego  as  cheap  as  the  Puget  Sound  or  Oregon  coal  is 
delivered  at  San  Francisco;  for  that  reason  they  could  not  expect  to  ship 
any  from  there  along  the  coast,  and,  if  not,  they  would  ha^eto  relyujion 
the  Sau  Diego  consumption,  which  is  very  small. 

As  to  the  passenger  business,  distance  is  always  an  important  factor. 
Then  agaiu,  the  movement  of  passengers  is  somewhat  in  proportion  to 
the  population  aud  the  business.  San  Diego  has  a  poiiulation  of  16  153, 
Los  Angeles  50  304,  and  San  Francisco  298  000.  We  should  exj^ect 
three  passengers  to  go  to  Los  Angelos  to  one  to  SanDiego;  and  nineteen 
to  go  to  San  Francisco  to  one  to  San  Diego. 

Comparing  the  coal  business  of  the  two  places,  we  should  expect 
twenty-eight  passengers  to  go  to  San  Francisco  to  one  to  San  Diego. 
The  distance  from  Denver  to  the  Needles  via  Grand  Junction  and  the 
^arion  would  be  1  218  miles.  The  distance  from  Denver  to  the  Needles 
via  the  Santa  I'e,  La  Junta  and  Albuquerque  is  only  1  102  miles.  The 
distance  from  Denver  to  San  Diego  via  Grand  Junction  and  the  canon, 
with  a  new  line  from  the  Needles  to  San  Diego,  100  miles  shorter  than 
the  Atlantic  and  Pacific,  would  be  1  492  miles.  The  distance  from  Den- 
ver via  the  Santa  Fe,  La  Junta  and  Albuquerque  to  San  Diego  is  only 
1  476  miles,  and  i^assengers  going  to  or  from  points  east  of  Denver 
would  find  the  distance  much  more  in  favor  of  the  Santa  Fe.  There 
would  be  some  passengers  who  would  go  to  see  the  ceriion,  but  700  miles 
■of  caiion  would  become  rather  tedious  and  monotonous. 
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At  the  time  the  Atlantic  and  Pacific  Bailroad  was  built  there  were 
parties  who  talked  of  building  a  hotel  at  or  near  the  mouth  of  Diamond 
Creek,  25  miles  north  of  Peach  Spring,  constructing  several  steamboats 
and  improving  several  riflfles  in  the  caiion,  so  as  to  take  passengers 
far  enough  up  to  get  a  good  view;  but  the  project  was  never  carried  out, 
as  no  one  was  ever  convinced  that  it  would  pay.  I  visited  the  salt  cliffs 
along  the  Rio  Virgin.  It  is  a  wonderful  sight,  cliffs  and  hills  of  salt 
standing  high  above  the  valley,  usually  capped  with  a  few  feet  of  mud 
rock;  the  salt  had  been  mined  and  used  by  smelting  works,  but  distance 
and  bad  roads  were  too  much  to  contend  against.  Occasionally  some  of 
the  salt  is  clear  and  transparent,  but  the  most  of  it  would  have  to  be 
refined  for  domestic  uses. 

The  agricultural  resources  of  the  country  adjacent  to  the  canon  are 
overestimated  by  most  every  one,  I  think.  Its  value  for  grazing  pur- 
poses is  limited  by  the  absence  of  water.  The  valley  of  the  Colorado 
from  the  Rio  Virgin  down  is  greatly  damaged  by  salt.  There  is  no  good 
grass  growing  from  the  Rio  Virgin  down.  The  earlier  engineering  expe- 
ditions often  had  to  subsist  their  mules  on  mesquite  beans  gathered  by 
the  Indians.  Wheat  does  fairly  well  on  selected  soil;  but  cottonwood 
trees  usually  grow  to  be  from  4  to  6  inches  in  diameter  and  then  die  as 
soon  as  their  roots  reach  the  salty  subsoil.  One  great  trouble  with  the 
whole  country  is  that  it  is  too  well  drained.  Water  is  not  often  found 
and  when  found  it  is  in  small  quantities.  On  the  Atlantic  and  Pacific 
Railroad  at  Winslow,  while  I  was  in  charge,  we  sank  a  well  1  800  feet 
deep.  The  .surface  water  was  cased  off,  and  when  the  well  was  tested 
there  were  but  six  barrels  of  salt,  bitter  water  pumped  every  twenty- 
four  hours. 

At  Ash  Fork  a  well  was  sunk  900  feet  deep,  water  was  hauled  from 
Hardy,  126  miles,  to  drill  with,  and  often  drilling  was  performed  with 
difficulty,  as  the  water  ran  out  through  crevices  and  left  the  tools  almost 
dry.  Finally  the  tools  became  fast  in  a  fissure  and  work  was  aban- 
doned. 

The  mining  interests  in  the  country  are  considerable,  but  many 
mining  companies  have  failed  on  account  of  the  cost  of  fuel  and  sup- 
plies. They  do  not  realize  that  distance  regulates  cost  even  on  railroads, 
and  many  of  the  mines  are  away  from  railroads,  where  the  wagon  freight 
over  sandy  roads  is  greater  than  the  cost  of  the  long  haul  on  the  rail- 
roads. The  mines  in  northern  Arizona  were  expected  to  develoj)  when 
the  Atlantic  and  Pacific  Railroad  was  completed,  but  the  results  are  not 
flattering.  In  conclusion,  it  seems  to  me  that  the  Colorado  Caiion  line, 
with  its  terminus  at  San  Diego,  is  not  in  the  direction  of  travel  or  trafiic. 
Passengers  would  desert  the  line  at  the  first  opportunity  to  go  to  San 
Francisco,  San  Bernardino  or  Los  Angeles.  A  short  line  from  the  Nee- 
dles to  San  Diego  would  not  reach  the  productive  part  of  Southern 
California.     The  tendency  would  be  for  freight  to  follow  passengers. 
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but  distance  would  02?erate  against  this  and  the  line  -would  be  practically 
shut  off  from  the  California  business. 

Egbert  B.  Stanton,  M.  Am.  See.  C.  E. — It  is  gratifying  that  the 
interest  manifested  in  my  jiaper  has  brought  out  so  extended  a  dis- 
cussion. Some  points  seem  to  call  for  explanation,  though  I  shall 
endeavor  not  to  extend  my  remarks  to  any  great  length. 

I  am  fully  aware  of  the  value  of  "  skilled  labor  "  in  any  undertaking, 
under  ordinary  circumstances.  Yet  in  selecting  my  men  for  the  second 
expedition,  although  strongly  advised  to  secure  the  lumbermen  Mr. 
Sears  refers  to,  I  rejected  all  such  labor  with  but  one  exception,  an  ex- 
jDerienced  boatman  in  such  waters,  and  he  deserted  the  expedition  in 
the  Graiad  Caiionwheu  we  most  needed  him.  It  has  been  my  experience 
many  times  during  the  past  twenty  years  that  for  such  work,  whether  on 
land  or  water,  where  prolonged  hardships  and  privations,  and  esisecially 
scanty  food,  and  perhai)s  starvation,  are  to  be  faced  day  after  day,  the 
man  who  has  an  object  to  gain,  with  of  course  the  qualities  of  body  and 
mind  to  quickly  acquire  "experience,"  is  far  more  efficient,  and  the 
better  man  to  tie  to  in  a  wilderness,  than  the  laborer,  however  skilled  he 
may  be,  who  is  simply  hired  for  so  much  a  day. 

No  one  could  have  rendered  more  faithful  service  or  have  more  skill- 
fully saved  our  lives  by  his  quick-witted  work  just  in  the  nick  of  time, 
than  my  First  Assistant,  Mr.  John  Hislop,  C.  E.,  and  while  all  the  men 
who  made  the  entire  trip  with  me  did  their  whole  duty,  yet  the  one 
who  in  less  than  a  week  develo^jed  the  most  perfect  skill  in  navigating 
that  rushing  torrent  with  a  heavy  boat,  was  Mr.  Reginald  Travers, 
whose  only  preparation  for  such  work,  from  the  time  he  was  seventeen 
till  he  was  twenty-eight,  when  he  joined  the  expedition,  was  that  of  a 
stock  liroker  on  one  of  the  New  York  exchanges,  and  an  amateur  oars- 
man on  Flushing  Bay. 

Mr.  Sears  and  Mr.  Nichols  are  each  led  into  one  error  when  they 
quote  me  as  saying  the  road  could  only  be  built  from  the  two  ends. 
This  is  fully  set  out  on  23ages  318  and  319,  where  I  say  that  "  work  in  the 
Canon  Division  could  be  carried  on  simultaneously  at  at  least  forty  dif- 
ferent places,"  by  existing  roads  and  trails  into  the  caiaons  on  both  sides 
of  the  river. 

I  certainly  appreciate  what  these  same  gentlemen,  and  others,  say  in 
regard  to  the  eff>^cts  of  great  storms  on  work  built  on  earth  and  gravel 
flats  in  caiions,  having  had  some  experience  with  such  destructive  forces 
in  Clear  Creek  Caiion  while  engaged  on  the  Union  Pacific  Railway.  If 
called  upon  to  build  this  line,  I  would  use  as  my  principle  of  location 
the  quotation  made  by  Mr.  Crowell  from  one  of  my  letters,  that  of  plac- 
ing the  road-bed  "  on  as  permanent  and  safe  ground  as  the  nature  of  the 
canon  walls  will  permit,  believing  as  I  do  that  this  '  railway  of  the  future  ' 
sho\ild  be  built  for  ultimate  value  and  i)rofit  even  at  a  much  greater 
cost," 
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As  to  the  flats,  which  I  suggested  in  my  paper  as  available  for  use, 
and  which  would  constitute  jjIow  and  scraper  work  in  the  CaSon  Division, 
the  much  larger  number  are  in  Glen  Canon,  where  for  150  miles  the  river 
has  an  average  fall  of  2.17  feet  per  mile,  and  where  the  flats  exist,  of 
about  five-tenths  of  a  foot  jDer  mile,  and  is  from  1  000  to  1  800  feet  in 
width.  With  these  features,  and  the  heavy  rock  work  necessary  m 
almost  every  instance  at  the  upper  approach  to  the  earthwork,  it  is 
believed  that  these  portions  of  the  line  can  be  made  perfectly  secure, 
except  from  a  cloud  burst  directly  over  the  roadway,  which  contingency 
cannot  be  provided  for  even  on  the  dry  plains  of  Nebraska.  Of  the  re- 
maining flats  in  the  steeper  portions  of  the  canons,  and  the  51  miles  of 
"hillside  slopes  "  in  the  Grand  Carion,  almost  every  mile  is  situated  on 
top  of  the  first  rock  bench,  with  a  vertical  or  sloping  wall  of  from  10  to 
80  feet  of  solid  rock  next  to  the  water,  protecting  the  earthwork  from 
being  undermined  by  the  river. 

These  features  are  clearly  shown  at  every  point  by  the  series  of  photo- 
grai^hs,  and  also  the  necessity,  and  it  is  believed  the  perfect  security,  of 
the  short  stretches  of  " embankment  in  the  river"  in  Glen  Carion,  to 
which  these  gentlemen  and  Mr.  Le  Baron  call  attention.  These  em- 
bankments would  be  but  newly  formed  talus  slopes  built  entirely  of  solid 
rock,  which  Mr,  Nichols  says  "  can  be  utilized  where  they  are  composed 
at  the  base  of  heavy  stones,  and  are  not  exposed  to  running  slides  from 
above,"  conditions  which  would  exist  in  every  instance.  The  experience 
of  these  gentlemen  in  Peru  is  most  valuable,  and  I  only  hope  that  I 
shall  have  the  opportunity  of  profiting  by  it  in  the  caiions  of  the 
Colorado. 

No  one  engaged  in  the  investigation  of  a  subject  like  that  under 
consideration,  can  more  highly  appreciate  adverse  criticism  than  I, 
when  it  throws  any  light  ujaon  one's  errors  of  judgment,  want  of  ex- 
perience, or  facts.  Mr.  Latham  Anderson  does  me  the  honor  to  say 
that  my  paper  "is  a  valuable  contribution  to  our  knowledge  of  the  geog- 
raphy of  this  continent."  It  is  to  be  regretted  that  Mr.  Anderson  did 
not  take  advantage  of  the  geographical  information  and  other  facts 
therein  contained,  when  he  wrote  his  part  of  the  discussion.  Nowhere 
have  I  stated  that  the  "  sole  object  "  of  this  proposed  railway  is  to  trans- 
port the  coal  of  Utah  to  the  Pacific  Coast.  But  assxxming  this  to  be  the 
case,  Mr.  Anderson  proceeds  to  point  out  a  line  from  Frisco  to  Barstow, 
and  says,  "it  has  one  crowning  advantage  over  the  line  in  the  chasm." 
This  is  simj^ly  begging  the  question.  A  slight  use  of  the  valuable  geo- 
graphical information  will  show  that  no  earthly  comparison  can  possibly 
exist  between  his  suggested  line  and  my  line  "in  the  chasm,"  for  the 
portion  of  my  line  from  the  Utah  coal  fields  has  not  one  foot  of  its 
length  "  in  the  chasm,"  or  "in  the  canon."  Where  it  is,  and  what  it  is, 
certainly  is  clearly  set  out  on  pages  315,  329,  330  and  331. 

I   accept,    without  a  question,  Mr.  Anderson's   description   of  the 
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country  through  which  his  proposed  line  would  run.  Nor  do  I  doubt 
for  one  moment  that  there  exist  along  it  "rich  mining  districts  of  the 
l)i*ecious  metals."  Yet  Mr.  Anderson  wipes  out  with  one  stroke  of  his 
pen  all  the  evidence  in  existence  of  the  mineral  deposits  of  Lost  and 
Gold  Basins,  Mineral  Park  and  Eldorado  Cailon,  and  the  whole  country 
tributary  to  the  Colorado,  from  the  Virgin  to  San  Diego.  The  evidence 
is  given  in  brief  on  page  330.  A  little  use  of  the  geological  as  well  as  other 
facts  given  in  the  paper,  would  have  saved  Mr.  Anderson  the  trouble  of 
perching  his  imaginary  mining  man  a  mile  high  on  the  brink  of  the 
precipice,  and  his  sympathy  for  the  tired  legs  of  his  friend,  even  though 
he  were  in  the  position  assumed,  would  all  vanish  if  Mr.  Anderson 
would  make  a  visit  to  Ouray,  Colorado,  and  examine  the  toll  road  built 
from  the  town  to  the  mines  above,  around  a  precipice  as  formidable  for 
wagon  road  purposes  as  any  in  the  Grand  Caiion,  and  witness  the  ore 
wagons,  each  loaded  with  three  tons  of  ore,  rolling  down  that  smooth 
and  narrow  way.  Transfer  that  picture  to  the  great  ore  bodies  in  the 
Grand  and  Side  Canons  from  "100  to  1000  feet  above  the  river,  and 
from  4  000  to  5  000  feet  below  the  plateau  country  "  (page  329),  and  I 
think  my  case  is  made. 

Every  one  is  entitled  to  his  own  opinion;  but  before  one  accepts 
the  sweeping  assertions  of  Mr.  Anderson  and  Mr.  Barlow  in  the  face  of 
actual  facts  given,  it  might  be  well  for  one  to  consider  some  of  the 
"inhospitable  and  barren  "  regions  of  the  State  of  Colorado,  and  note 
their  past  and  present  local  railroad  business,  and  carefully  read  a  folder 
issued  by  the  Northern  Pacific  Railroad  containing  the  famous  speech  of 
the  Hon.  Proctor  Knott,  of  Kentucky,  on  the  City  of  Duluth,  delivered 
in  1871. 

Mr.  Barlow  falls  into  the  same  unpardonable  error  with  Mr.  Ander- 
son, when  he  comjiares  the  cost  of  the  "entire  distance"  of  the  Canon 
route  with  the  cost  of  the  Union  Pacific  line  from  Milford  west.  The 
only  possible  just  comparison  must  be  made,  as  Mr.  Barlow  suggests 
(but  does  not  follow),  of  the  "same  portions  of  each  route."  Within 
the  last  year  I  have  made  some  quite  extensive  examinations  of  various 
crossings  of  the  Sierra  Nevadas  from  Tuolumne  County,  California, 
south  to  the  Mexican  line,  and  I  confess  myself  considerably  surprised 
to  learn,  as  Mr.  Barlow  states,  that  a  railroad  "  can  be  built  "  across 
these  mountains  at  a  cost  of  from  $4  000  to  $4800  per  mile.  The  com- 
parisons that  Mr.  Barlow  assumes,  but  does  not  make,  say  from  San 
Diego  east  to  even  jjoints  Cheyenne  and  Denver,  would  make  a 
most  interesting  paper  from  him,  and  I  shall  be  glad  to  furnish  him 
with  all  information  in  regard  to  the  Canon  route.  Will  he  kindly 
aecejjt  the  oflfer  ?  It  was  distinctly  stated  that  the  question  in  its  full 
bearing,  "  Will  it  pay  ?"  was  "outside  the  scoi3e  of  this  paper."  How- 
ever, the  remarks  of  Mr.  Barlow  and  Mr.  Kingman  are  pertinent. 

Mr.  Barlow's  answers  to  the  three  sources  of  revenue  are  somewhat 
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surprising.  First. — His  statements  clearly  imply  that  no  one  road  can 
ever  have  any  advantage  over  others  in  through  traffic  except  in  the 
ability  of  its  traffic  agencies  to  secure  the  business.  I  need  only  siiggest 
a  reading  of  the  clear  statements  of  Mr.  Eowe  and  Mr.  Crowell  on  this 
point.  He  also  assumes  that  all  transcontinental  business  for  this  line 
must  be  "  confined  to  the  district  of  Southern  California,'  an  assump- 
tion completely  answered  by  himself  when  he  says  that  the  Union  and 
Central  (and  I  may  add  the  Northern  and  Canadian)  Pacific  roads  com- 
pete for  this  California  business. 

Second. — His  estimates  of  cost  of  transportation  are  based  on  two 
errors,  the  selling  price  of  coal  at  San  Diego  and  San  Francisco,  and  the 
contemplated  methods  of  final  distribution,  I  need  not  occupy  the 
space  to  correct  these.  Mr.  Kingman  brings  them  out  much  more 
clearly. 

Third. — Mr.  Barlow's  answer  to  the  question  of  local  business,  is 
simply  an  opinion  of  an  extensive  mineral  country — of  gold,  silver,  lead, 
copper,  iron  and  coal,  of  which  lie  says  he  has  no  i^ersonal  knowledge. 

Mr.  Kingman,  it  seems  to  me,  occupies  two  or  three  very  untenable 
positions.  His  figures  and  facts  are  interesting,  but  not  complete. 
Analyzing  his  statements,  the  first  position  taken  is  that  no  road  can 
have  any  advantage  over  another  in  the  transportation  of  coal  (and  I 
suppose  other  freight)  except  in  the  matter  of  distance.  If  this  were 
the  case  we  should  give  up  all  attempts  to  better  the  grades,  etc  ,  of  ex- 
isting roads  and  stop  building  ncAV  ones  except  in  absolutely  straight  lines. 

I  claim  for  the  proposed  road  the  advantages  so  well  put  by  Mr. 
Kowe  and  others,  over  existing  railways  through  the  same  section  of 
country,  not  only  for  coal,  but  for  all  through  and  local  business  of 
whatever  kind.  If  the  cost  of  coal  freight  over  the  Atlantic  and  Pacific 
Railroad  is,  as  Mr.  Kingman  states,  three-quarters  of  a  cent  per  ton-mile, 
I  claim  for  the  cailon  route  one-half  of  a  cent  per  ton-mile.  See  profiles 
and  statements  of  grades,  etc.,  etc. 

There  are  some  slight  discrepancies  in  the  various  distances  given  by 
us  over  the  Santa  Fe  system.  Mine  were  taken  from  their  folder  and 
may  be  wrong.  The  distance  from  Gallup  to  Needles  is  given  as  420 
miles.  Using  Mr.  Kingman's  figures,  this  Gallup  coal  costs  at  Needles 
$4  15  per  ton.  From  the  Utah  coal  fields  to  Needles  by  the  Virgin  and 
Colorado  River  lines  (taking  Mr.  Kingman's  distance  to  San  Diego — 600 
miles)  is  236  miles.  Coal  as  before  at  SI,  and  freight  at  one-half  cent  per 
ton-mile,  would  cost  $2  18  at  the  Needles.  Which  would  allow  it  to  go 
nearly  150  miles  east  over  the  Atlantic  and  Pacific  till  it  met  the  Gallup 
coal  in  price,  and  would  forever  drive  Gallup  coal  out  of  any  California 
market,  even  over  their  own  road.  Of  course  I  only  take  into  account 
Mr,  Kingman's  position  of  cost  and  carriage  and  make  no  note  of  unbal- 
anced grades  or  freights  East  and  West.  If  quality  be  considered,  even 
Colorado  coal  at  one-half  cent  per  ton-mile  could  be  delivered  at  Needles 
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and  supply  the  Atlantic  and  Pacific  with  all  they  use  at  that  point  and 
in  California  as  against  Gallup  coal.  To  a  much  greater  extent  would 
these  results  obtain  at  Yuma  with  the  Southern  Paoific  road.  It  is  not 
necessary  to  give  the  figures. 

The  prices  of  foreign  coal  at  San  Francisco,  Los  Angeles  and  San  Diego 
given  by  Mr.  Kingman  are  of  course  correct.  But  coal  of  a  quality 
equal  to  the  Wellington  by  the  Colorado  Eiver  line  at  one-half  cent 
per  ton-mile,  would  cost  at  San  Diego  $4  per  ton  of  2  000  pounds,  and 
by  water  to  San  Francisco  per  ton  of  2  240  pounds  only  $5  43,  as  against 
^8  25  to  ^8  75  in  San  Diego,  and  S7  to  $8  (of  like  quality)  in  San  Fran- 
cisco. The  same  coal  could  be  carried  by  the  Atlantic  and  Pacific  road 
from  Xeedles  to  Los  Angeles  and  on  the  same  basis  sold  for  $5  05,  and 
even  from  San  Diego  by  rail  for  ^5  55  (allowing  three-quarter  cent  freight 
from  Needles  to  San  Diego),  as  against  S8  50  and  $10  for  Gallup  and 
Wellington;  again  using  Mr.  Kingman's  figures,  and  the  long  ton. 
Hence,  I  fail  to  see  why  the  market  for  the  Colorado  River  road's  coal 
should  be  confined  exclusively  to  the  present  demand  of  San  Diego. 
My  statement  that  coal  could  be  sold  for  one-half  to  one-third  the  present 
market  price,  was  intended  to  be  confined  to  the  port  of  San  Diego  and 
the  coal  and  coke  of  Utah. 

The  last  position  taken  by  Mr.  Kingman  strikes  me  as  the  most  re- 
markable of  all,  that  were  this  line  built,  its  passenger  and  freight  busi- 
ness would  be,  and  forever  remain,  as  compared  with  lines  terminating 
at  other  points  in  California,  in  the  exact  proportion  with  the  present 
coal  trade  and  the  present  population  of  the  cities  of  San  Diego,  Los 
Angeles  and  San  Francisco. 

With  good  coal  at  San  Diego  at  $4  per  ton  (and  this  could  be  done 
F.  O.  B,  of  vessel,  per  ton  of  2  240  pounds),  the  whole  situation  would 
be  changed.  There  would  then  not  only  be  38  000  tons  to  be  delivered 
at  San  Diego,  but  the  whole  siipply  for  the  two  railroads  at  Needles 
and  Yuma,  and  the  mining,  milling  and  smelting  industries  of  the  whole 
lower  Colorado  valley,  the  whole  supply  of  San  Diego,  Los  Angeles, 
and  all  Southern  and  Lower  California,  ^nd  a  portion  at  least  of  the 
consumption  of  San  Francisco.  To  these  would  be  added  the  whole 
south  coast  coal  trade.  Central  and  part  of  South  America,  and  Mr. 
Earley's  suggested  market  in  Mexico,  and,  as  I  am  informed  by  the 
largest  coal  dealers  on  the  coast,  many  of  the  coaling  stations  on  the 
Pacific. 

There  would  then  not  be,  as  Mr.  Kingman  says,  only  eight  cars  jDer 
day  of  coal  business  for  the  new  road,  but  nearer  one  hundred  and  fifty 
to  two  hundred  cars  per  day  within  a  short  time  after  completion. 

With  such  conditions  and  prices,  San  Diego,  becoming  an  exporting 
instead  of  an  importing  coal  station,  the  whole  traffic  of  the  South 
Pacific  would  be  adjusted  on  new  lines.  An  ocean  traffic  would  be  at- 
tracted to  this  port  much  larger  than  at  first  sight  could  seem  possible. 
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but  all  depending  upon  an  unlimited  supply  of  cheap  fuel.  It  is  not 
imi^ossible  that  many  of  the  now  existing  manufactories  on  the  coast 
•would  move  south  to  cheaper  fuel  and  iron.  Witness  the  dejiartiii-e  of 
so  many  such  industries  from  around  Pittsburg  to  Alabama,  Illinois 
and  Indiana. 

I  do  not  for  one  moment  recall  anything  said  as  to  the  extensive 
local  interests  of  the  upper  caiions,  or  the  great  advantages  of  this 
line  as  a  transcontinental  route,  but  shall  leave  those  to  the  simple  state- 
ments of  the  paper  itself,  and  add  one  point  as  to  the  prospective  de- 
velopment of  the  far  Southwest. 

Mr.  Kingman  admits  that  "  the  mining  interests  of  the  country  are 
considerable,"  and  also  shows  just  why  the  business  is  at  a  standstill, 
and  then  draws  a  dismal  jaicture  of  the  country  through  which  the 
Atlantic  and  Pacific  Railroad  runs,  and  its  failure  to  develojj  the  mines 
of  Northern  Arizona.  Ample  reason  for  this  is  given  in  my  jiaper. 
Allow  me  a  moment  to  suppose  a  case.  Consider  the  caiion  road  com- 
pleted, with  its  many  short  and  some  long  branches  ;  at  or  near  the 
mouth  of  the  Virgin  establish  on  the  bank  of  the  river,  say,  perhaps,  at 
Old  Callville,  a  milling  and  smelting  jjlant  for  the  reduction  of  gold, 
silver,  lead,  copper  and  iron  ores.  Into  its  mills  and  furnaces  woi^ld 
pour,  as  into  a  funnel,  by  down  hill  railroads,  from  every  point  of  the 
comj)ass  save  one,  the  various  ores  from  Southern  Nevada,  the  precious 
metals,  the  iron  and  coal  and  coke  from  Southwestern  Utah  ;  and  from 
Northwestern  Arizona  the  ores  and  fluxes  for  hundreds  of  miles  up  the 
great  caiions.  Cheaply  constructed  branch  lines  would  bring  also  the 
ores  from  those  sections  lying  south  and  east  of  the  river,  and  on  ac- 
count of  the  low  grades,  from  far  down  the  lower  river  valley.  Does 
such  a  business  as  would  certainly  thus  be  develoj^ed,  not  only  handling 
these  raw  materials,  but  the  commercial  necessities  of  so  large  a  popu- 
lation as  would  thus  be  gathered  together,  dejiend  in  the  least  upon  the 
depth  of  a  dry  well  at  Wiuslow  or  Ash  Fork  ?  The  facts  to  show  that 
this  supposition  is  not  beyond  strict  business  i^rinciples  can  easily  be 
had.  Is  there  another  point  on  any  other  present  or  prospective  rail- 
road in  the  section  we  are  considering  where  such  conditions  can  be 
brought  together  ? 

What,  then,  may  yet  be  the  local  and  through  business  of  such  a  road 
in  this  far  Southwest?  Mr.  Kingman  is  mistaken  when  he  says  no  good 
grass  grows  in  the  lower  Colorado  Valley.  I  have  walked  through  miles 
of  it,  and  slept  on  acres  of  it,  and  have  seen  graj^es,  peaches,  plums, 
pears,  figs,  pomegranates,  nectarines,  almonds,  limes,  oranges  and 
lemons  grow  upon  the  banks  of  the  Colorado  and  its  tributaries  at  dif- 
ferent i)oints  from  the  Virgin  to  the  mouth  of  the  river,  and  more  are 
being  planted  every  year.  San  Diego  County,  California,  which  is  larger 
than  the  States  of  Massachusetts,  Connecticut  and  Rhode  Island  com- 
bined,  has,    west   of  the  Colorado  basin,   in    its   Spanish  grants   and 
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mountaiu  ranches,  over  1  000  000  acres  of  good  fniit  and  grain  land. 
Within  the  last  two  years  new  irrigation  districts  have  been  organized 
under  the  State  law,  covering  over  250  000  acres,  while  there  are  com- 
pleted or  under  construction  private  irrigation  plants  capable  of  water- 
ing 180  000  acres.  In  the  year  1891  there  were  set  out  in  this  county 
600  000  new  fruit  trees.  What  freight  will  this  give  a  railroad?  In  1890 
from  less  than  3  500  acres — about  200  000  trees,  besides  smaller  plants — 
the  single  station  of  Riverside  shipped  1  800  car  loads  of  fruit  to  the 
Eastern  market.  While  one  ranch  near  San  Diego  has  the  capacity,  the 
climate,  the  soil  and  the  water  to  produce  more  than  ten  times  this 
amount  of  oranges,  lemons  and  raisins. 

Some  one  will  say  the  Santa  F6  already  reaches  this  section  with  a 
short  line  to  Chicago.  Yes,  and  I  have  seen  its  trains  standing  in  the 
yards  at  National  City  unable  to  depart  for  want  of  a  tender  of  coal  at 
any  price. 

But  I  must  desist.  Until  it  is  better  known  the  far  Southwest  will 
of  course  be  misjudged.  In  conclusion,  with  a  road  such  as  I  have  sug- 
gested, with  a  long  division  possibly  operated  by  electricity  generated 
by  the  same  power  that  cut  those  mighty  caiions,  and  transcontinental 
transportation  readjusted  by  the  necessity  of  quicker  time,  cheaper 
freights,  and  the  completion  of  the  great  canal,  this  line,  with  its  low 
grades,  favorable  climatic  conditions,  its  jjerfect  water  supply,  its  rapidly 
developed  local  business,  and  the  attractions  of  its  wonderful  scenery, 
would  in  my  humble  opinion  be  able  to  earn  dividends  on  a  very  high 
cost  of  construction — if  that  were  necessary — while  the  upper  trans- 
mountain  lines  could  not  carry  on  their  business  at  the  same  prices  and 
meet  its  comi^etition. 
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BRICK  MANUFACTURE  AND  BRICK  PAVEMENT. 

By  F.  a.  Calkins,  M.  Am.  Sol-.  C.  E. 


WITH  DISCUSSION. 


Paet  I. — Elements  and  Methods. 


The  art  of  brick  making  is  supposed  to  have  originated  in  ancient 
times  with  the  jjowerful  races  found  iu  Egypt,  Chahlea  and  China  in  the 
Old  World,  and  in  Mexico  and  Peru  in  the  New.  The  ruins  of  buildings 
and  tombs  left  in  these  countries  testify  that  they  were  skillful  builders. 
Kawlinson  states  that  the  dimensions  of  bricks  baked  by  the  Chaldeans 
were  llj  inches  square  and  2^  inches  thick,  and  those  of  a  later  date 
13  inches  square  and  3  inches  thick.  All  are  familiar  with  the 
Egyptian  method  of  tempering  clay  with  a  stick  and  drying  in  the  sun 
three  thousand  years  ago.  Compare  the  ancient  method  with  the  prac- 
tice at  the  present  time  in  any  small  town  where  bricks  are  made,  or  even 
at  the  brick  yards  on  the  Hudson;  there  pug  mills  will  be  found  in  opera- 
tioD  which  are  only  a  combination  of  several  sticks  and  a  mule  ;  and 
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green  bricks  are  still  dried  in  the  sun  the  same  as  was  i^racticed 
by  the  ancients,  showing  little  advance  in  three  thousand  years. 

The  first  bricks  manufactured  and  burned  in  this  country  were  at 
New  Haven,  Conn.,  in  the  year  1650  ;  and  the  next  city  to  claim  early 
manufacture  is  Philadelphia,  where  they  were  made  thirty -five  years  later, 
in  1685.  The  first  brick  machine  of  which  we  have  any  record  was  made 
in  Philadelphia  in  1840.  It  was  a  soft  clay  machine  operated  by  horse- 
power. This  machine  was  destroyed  in  1844  during  a  riot,  caused  by 
the  brickmakers  fearing  it  would  take  bread  out  of  their  mouths.  In 
1847  a  dry  clay  machine  was  made  in  the  latter  city.  That  the  moulding 
of  bricks  by  hand  can  be  done  rapidly  was  clearly  demonstrated  at  Cin- 
cinnati in  1832.  The  moulding  of  nine  thousand  bricks  was  then  con- 
sidered a  regular  day's  work.  In  a  contest  at  this  date  between  two 
expert  moulders,  working  from  sunrise  to  sunset,  one  moulded  24  700 
bricks,  and  the  other  25  470.  A  similar  number  were  moulded  at  a 
contest  in  Philadelphia  at  a  later  date. 

The  clays  considered  in  this  paper,  treated  by  improved  methods,  are 
located  in  New  Jersey  and  Illinois.  The  clays  of  New  Jersey  were 
deposited  by  a  glacial  drift  in  the  Tertiary  Period,  and  compose  a  i:)or- 
tion  of  the  belt  designated  by  geologists  as  the  plastic  belt,  which 
extends  from  Long  Island  through  New  Jersey  to  Georgia.  Near  Phila- 
delphia this  belt  is  about  6  miles  wide,  and  of  increasing  width  to  the 
southern  portion  of  Virginia,  where  it  is  more  than  80  miles  wide.  It  is 
called  plastic,  as  it  is  susceptible  of  being  moulded  without  the  admix- 
ture of  any  foreign  substance.  Most  clays  outside  of  the  jjlastic  belt 
originated  in  the  recent  or  Quaternary  Period.  The  clays  of  the  central 
and  eastern  section  of  Illinois  are  included  in  the  upper  coal  measure 
formation,  and  the  Avestern  portion  of  the  State  in  the  lower  coal 
measure. 

Constituent  Elements. — The  properties  of  clays  are  modified  by 
composition.  The  physical  structure  has  weight  to  determine  the 
quality  and  density,  yet  fineness  and  division  of  particles  are  also  con- 
trolling i^oints.  The  theory  advanced  by  the  late  Professor  George  H. 
Cook,  formerly  State  Geologist  of  New  Jersey,  is  the  best  received  at 
present.  He  states  "  that  the  microscope  reveals  a  crystalline  structure 
which  the  eye  does  not  detect,  and  that  this  structure  varies  greatly  in 
different  samples  ;  some  are  composed  of  masses  of  hexagonal  plates  or 
scales  piled  up  in  long  bundles  and  masses  of  unattached  scales  nearly 
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perfect.  Such  clays  are  always  but  little  plastic,  but  may  become  so  on 
mechanical  treatment,  such  as  grinding  and  kneading.  On  examination 
after  receiving  that  treatment  the  clay  shows  the  same  elements  of  struc- 
ture, but  broken  and  confused,  no  bundles  left  intact,  scales  broken,  and 
a  homogeneous  mixture  of  cracked  material,  still  ciystalline.  Clay 
beds  are  found  with  the  clay  of  this  broken  up  form,  still  a  crystalline 
mass,  and  on  the  degree  in  which  the  crystalline  structure  is  retained  its 
plasticity  depends."  As  this  examination  was  made  only  with  plastic 
clay  it  does  not  apply  to  flint  clays. 

Professor  Edward  Orton,  in  his  report  on  the  Economic  Geology  of 
Ohio,  Vol.  V,  states  that  "the  mineralogical  structure  is  worthy  of  con- 
sideration as  well  as  the  chemical  one  with  reference  to  their  value.  The 
minerals  going  to  compose  clay  are  kaolinite,  quartz,  mica,  feldspar, 
oxide  of  iron,  lime  and  magnesia  probably  as  silicates  of  the  alkalies, 
sulphate  of  iron,  titauate  of  iron  and  various  rare  constituents  such 
as  cobalt,  copper,  zinc,  etc. ;  all  of  them  are  not  found  in  each  clay. 
There  is  no  theory  worth  consideration  at  present  concerning  the  differ- 
ence between  flint  and  plastic  clays.  It  is  a  point  in  chemical  composi- 
tion, or  water  hydration,  and  is,  it  seems,  at  most  dependent  on  the 
physical  structure  and  may  be  studied  with  best  effect  through  the 
microscope."  " The  impurities  most  to  be  dreaded  in  refractory  clays 
are  iron  and  potash,  and  it  is  hard  to  state  which  is  most  to  be  feared. 
Iron  is  not  so  powerful  a  flux  as  potash,  which  is  the  worst  of  all  com- 
mon elements,  but  the  iron  is  present  in  larger  amounts  than  potash  in 
most  clays,  and  consequently  does  as  much  harm,  if  not  more.  If  iron 
is  present  as  the  sesquioxide  it  takes  more  heat  than  when  in  the  i^rotoxide 
state  to  combine  with  clay,  for  iron  will  only  combine  with  silica  in  the 
protoxide  state,  and  if  that  state  is  already  developed  it  is  easier  to  com- 
bine the  sand  and  iron  than  if  in  the  oxide.  Sulphate  of  iron  has  a  bad 
eifect  on  clay,  since  its  decomposition  gives  rise  to  a  lower  oxide  of  iron. 
Silicate  of  iron  is  also  detrimental,  8in:e  it  melts  at  a  comparatively  low 
temperature.     Lime  and  magnesia  act. as  fluxes  on  clay." 

Testing  Clay. — In  the  report  of  Professor  Orton  can  be  found  a 
method  of  making  a  chemical  analysis  of  clay  that  recognizes  its  physical 
structure,  classifying  together  bodies  that  are  alike,  which  will  enable  a 
correct  comparison  to  be  made.  The  chemical  test  should  be  followed 
by  a  microscopic  examination  of  its  mineralogical  structure.  The  data 
thus  obtained  of  the  properties  of  the  clay  will  result  in  a  correct  com- 
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parison  of  the  nature  of  clays  and  their  value  for  any  use  possible.  When 
the  tests  described  are  completed  they  should  be  supplemented  by  a  fire 
test  to  develop  jioints  indicated  by  the  analysis  to  be  weak  ones.  Fire 
tests  are  of  two  kinds;  one  is  to  subject  the  clay  to  a  high  degree  of  heat 
(without  the  admixture  of  any  foreign  substance),  which  will  develoj)  the 
quality  of  the  clay  to  endure  heat.  The  other  test  is  to  put  the  clay 
through  a  course  of  treatment  for  its  intended  use,  which  will  decide  the 
fitness  of  the  clay  for  the  purposes  intended.  If  manufacturers  would 
submit  their  clay  to  a  series  of  tests  of  the  character  described,  it  would 
reveal  to  them  the  best  methods  of  treatment,  and  avoid  the  loss  of 
thousands  of  dollars  caused  by  the  thumb-rule  of  experiments  in  general 
use. 

Tempeeing  Clay. — The  existing  prejudice  against  bricks  made  by 
machinery  the  author  believes  to  be  due  to  the  fact  that  clay  is  often  taken 
direct  to  the  machine  imperfectly  temj^ered.  As  a  brick  machine  usually 
possesses  the  necessary  power  to  make  brick  without  tempering  the  clay, 
some  manufacturers  neglect  it  entirely  or  do  it  imperfectly.  When  a 
broken  brick  fails  to  show  a  homogeneous  structure  it  clearly  indicates 
that  a  clay  has  not  been  well  tempered  before  pressing.  There  is  no 
necessity  for  this  condition  in  a  machine-made  brick,  as  tempering 
machines  in  great  variety  can  be  obtained,  adapted  to  every  condition. 
Machine-made  bricks  from  well  tempered  clay  are  more  dense  in  their 
interior  than  on  the  outer  surface,  but  when  poorly  tempered  it  is  the 
reverse. 

There  are  three  distinct  processes  utilized  for  treating  clay  for 
machine-made  brick:  the  soft  mud,  the  stiff  mud,  and  the  dry  process. 
A  more  uniform  nomenclature  is  preferable;  therefore  we  will  designate 
them  as  the  soft  clay  process,  stiff  clay  process,  and  the  dry  clay  process. 
The  tempering  for  a  soft  clay  and  the  stiff  clay  process  is  identical,  dif- 
fering only  in  the  quantity  of  water  added  to  bring  the  clay  to  the  proper 
consistency,  which  is  variable  and  controlled  by  the  nature  of  the  clay. 
Ordinary  clay  when  treated  by  the  soft  and  stiff  clay  process  is  improved 
Toy  being  thrown  up  and  exposed  to  the  rain  and  frost,  or  placed  in  a  clay- 
house  and  wet,  to  allow  dry  lumps  to  absorb  moisture,  although  Mr. 
Eudaly  says  this  is  not  always  so.  A  better  plan  is  to  just  pug  the  clay 
and  allow* it  to  lay  a  few  days  bofore  using.  If  not  practicable  to  pre- 
pare clay  in  advance,  a  granulator  and  crusher  is  necessary  to  thoroughly 
crush  and  pulverize  all  tough  and  dry  lumps.     When  clay  is  free  from 
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stone  the  smooth  roll  crusher  with  differential  motion  is  useful,  but  if 
stones  are  present  a  compound  four-roll  crusher  with  top  rolls  corrugated 
to  remove  the  stones  should  be  used. 

When  clay  is  deposited 
in  a  pit  it  can  be  handled 
economically  to  the  ma- 
chine by  means  of  a  con- 
veyor. For  the  dry  clay 
process  it  is  essential  that 
the  clay  be  of  considerable 
deptb,  and  enough  should 
be  hauled  under  cover  to 
last  several  months  to  per- 
mit its  moisture  to  become 
uniform  throughout,  but 
it  should  be  dry  enough  to 
allow  the  bricks  to  be  set 
in  the  kiln  at  once.     Some 

clays  are  found  that  do  not  fig.  i. 

require  previous  exposure,  which  will  be  explained  in  the  description  of 
plants,  Part  2. 

Machines  in  Brick  Making. — A  large  portion  of  the  brick  plants 
operated  by  modern  methods  date  to  a  period  within  seven  years.  When 


Fig.  2. 


we  consider  the  accuracy  with  which  a  machine  works,  what  delays  their 
exclusive  use  in  brick  making?  First,  it  is  largely  due  to  cost  of  modern 
machine  methods.     Second,  it  can  be  traced  to  the  violation  of  the  first 
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principles  of  treating  clay,  either  in  the  use  or  adaptability  of  the 
machine.  It  is  the  use  of  clay  direct  from  the  bank,  untempered,  that 
has  produced  inferior  bricks,  and  not  the  machines. 

Machines  for  treating  clay  by  the  stiff  clay  process  are  of  two  types, 
the  mould  and  the  die  press.  In  the  former  the  clay  is  pressed  into  steel 
lined  moulds  (set  in  a  revolving  horizontal  wheel)  by  the  action  of  spirally 
arranged  knives  on  a  vertical  shaft  (Fig.  1).  A  follower  closely  fitting- 
the  mould  elevates  the  bricks  above  the  surface  of  the  wheel.  The  die 
machines  are  divided  into  two  classes,  the  auger  and  the  plunger.     The 


clay  in  the  auger  type  (Fig.  2)  is  forced  through  a  die  by  a  series  of 
knives  arranged  spirally  on  a  horizontal  shaft.  The  machine  dis- 
charges the  clay  in  a  continuous  bar  or  bars,  permitting  it  to  be  cut  in 
sections  by  steel  wires,  operated  by  hand  or  automatically,  cutting  the 
width  of  a  brick  and  designated  as  side  cut,  or,  the  length  of  a  brick  and 
known  as  end  cut. 

In  the  plunger  type  (Fig.  3)  the  clay  is  forced  by  knives  and  a  mud 
ring  downward  into  a  chamber  from  which  it  passes  through  the  die  by  the 
action  of  a  reciprocating  piston  or  plunger.    The  clay  passes  from  the  die 
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onto  a  cutting  board,  where  it  is  cut  into  bricks  by  the  methods  explained 
for  the  auger  type.  The  moulded  clay  on  leaving  the  machine  is  strong 
enough  to  be  removed  safely  with  ordinary  care.  The  objections  to  this 
method  are  that  when  clay  is  forced  through  a  die  it  has  a  grain  in  the 
direction  in  which  the  clay  is  forced.  If  side  cut,  the  grain  runs  vertical; 
in  end  cut,  it  is  in  longitudinal  layers  or  laminations,  the  latter  splitting 
easily,  but  being  difficult  to  cut  crosswise  when  required  in  building 
masonry.  When  side  cut,  it  is  easily  broken,  but  cannot  be  split.  Defects 
found  in  bricks  by  either  method  have  doubtless  been  caused  from 
imiierfectly  tempered  material,  for  it  hardly  ajipears  possible  that  per- 
fectly tempered  material  forced  into  a  die  would  be  deposited  in  layers 
or  laminations  sufficiently  to  diminish  the  quality,  but  rather  that  the 
opposite  effect  would  be  produced,  as  the  great  pressure  api^lied  would 
increase  the  strength  and  make  it  more  homogeneous.  Side  cut  bricks 
having  finished  sides  and  ends  are  often  utilized  for  face  bricks.  The 
stiff  clay  process  is  adajjted  to  prepare  bricks  and  tiles  to  be  re- 
pressed for  ornamental  as  well  as  for  plain  work.  Bricks  made  by  a 
stiff  clay  machine  are  40  per  cent,  stronger  than  hand-made  from  the 
same  clay. 

Die  moulding  machines  have  been  made  of  a  faulty  construction, 
causing  a  tendency  of  the  die  in  some  cases  to  produce  seams  or  lamina- 
tions in  the  brick,  but  this  defect  has  been  overcome  by  lubricating  the 
dies  and  also  by  layer  forcing  propellers,  and  this  has  also  overcome  the 
curved  form  in  the  brick. 

Dry  Clay  Machines. — By  this  m  ethod  the  clay  is  tempered  by  passing 
through  a  pulverizer,  which  reduces  it  to  fine  powder.  This  powder 
is  carried  by  conveyors  to  a  hojiper  above  the  press.  Under  the  hop- 
per is  a  charger  open  at  top  and  bottom,  which  travels  forward,  receiving 
a  charge  of  clay  from  a  hopper,  and  then  moves  backward,  dropping  the 
clay  into  molds.  During  each  alternate  motion  plungers  descend  and 
press  the  clay  into  bricks.  After  the  compression  the  upper  and  lower 
plungers  are  both  lifted  upward;  the  upper  enough  to  permit  the  charge 
to  pass  forward  as  before;  the  lower  plungers  move  upward  until  the 
top  surface  is  level  with  a  table  in  which  the  charger  slides.  The  lower 
plungers  here  remain  stationary  for  a  short  period,  until  the  charger 
moving  forward  pushes  the  bricks  off.  When  the  bricks  are  started  off, 
the  plungers  drop  and  the  moulds  receive  another  charge  of  clay.  The 
elements  of  a  dry  clay  brick  machine  are  the  parts  for  compression,  for 
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charging,  the  table  and  the  mould  box;  the  plungers,  the  parts  for  dis- 
charging, the  master  wheel  and  automatic  cams. 

There  are  two  types  of  machines  for  pressing  dry  clay  bricks.  In  one 
the  lower  set  of  jjlungers  remains  motionless  and  the  upper  does  all  the 
pressing;  in  the  other  both  top  and  bottom  plungers  begin  to  move 
toward  each  other  at  the  same  time,  and  although  the  amount  of 
travel  differs,  yet  the  last  small  space  of  compression  is  performed  half 
by  each  plunger.  The  latter  method  tends  to  preserve  the  corners  of 
the  bricks  in  a  more  perfect  condition.  There  is  no  practical  difference 
in  solidity  of  bricks  made  by  the  two  types  of  machines.  Fig.  4  shows 
a  dry  press  utilizing  the  latter  method. 


l      vVHv\\   W-'^v'i    \^:kft 

Fig.  4. 

Drying  Brick. — Clay  moulded  in  a  dry  press  does  not  require  any 
artificial  drying,  but  is  removed  direct  from  the  machine  to  the  kiln; 
but  a  better  grade  of  brick  can  be  made  by  drying.  All  clays  treated 
by  the  soft  and  stiff  clay  process  are  dried  after  moulding  from  twelve 
to  forty-eight  hours'  time,  as  determined  by  the  quantity  of  moisture 
contained  in  the  clay,  the  (luality  of  the  material  and  the  method  utilized 
for  drying;  and  the  bricks  are  then  transferred  to  the  kiln. 

Only  a  brief  outline  of  the  methods  in  use  for  drying  will  be  given. 
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The  Lot  floor  metliotl  is  in  more  general  use  than  any  other,  which  is, 
doubtless,  due  to  the  fact  that  it  is  less  expensive  to  construct.  A  hot 
floor  is  constructed  of  a  series  of  heated  parallel  brick  flues;  the  arches 
are  connected  and  covered  with  brick,  producing  a  uniform  flat  surface 
on  which  is  deposited  a  layer  of  earth  4  to  12  inches  in  thickness, 
which  is  surfaced  with  one  layer  of  bricks  laid  flat.  The  flues  are 
connected  with  smoke  stacks,  the  number  controlled  by  the  dimension 
of  the  drying  floor.  The  green  bricks  are  hacked  direct  from  the  press 
to  the  drying  floor,  where  they  remain  until  fit  for  the  kiln.  Coal  is  in 
general  use  for  fuel,  yet  gas  and  crude  oil  are  utilized  also  for  heating. 

By  another  method  plates  of  iron  are  used  to  form  the  floor,  which  is 
heated  with  hot  steam  fx'om  the  engine  while  running,  or  from  a  boiler 
when  at  rest.  Long  flues  are  preferable,  as  they  produce  more  uniformity 
in  heat,  and  there  is  less  danger  of  checking  the  green  bricks.  Some 
varieties  of  clay  will  endure  forcing  to  any  extent,  while  others  must  be 
dried  slowly  at  first,  at  a  temperature  not  to  exceed  90  degrees,  followed 
by  increased  heat.  For  other  varieties  the  heat  must  be  retained  at  a 
uniform  low  temperature. 

In  a  third  method  the  floors  are  built  in  stories  and  heated  by  either 
live  or  exaust  steam.  In  a  fourth  method  the  bricks  are  hacked  on  a 
slated  floor  which  is  heated  by  steam  pipes  placed  underneath,  live  and 
exhaust  steam  being  utilized.  The  fifth  consists  of  a  series  of  brick  tun- 
nels permitting  ears  loaded  with  green  bricks  to  enter  and  remain  until 
the  bricks  are  dry,  the  loaded  car  being  then  taken  direct  to  the  kiln. 
The  tunnels  are  heated  by  steam  j^ipes  located  either  above  or  below 
the  tunnels.  The  sixth  method  is  a  combination  of  the  drying  floor  and 
tunnel  system,  constructed  of  iron  and  heated  by  steam. 

The  weight  of  evidence  from  successful  manufacturers  confirms  the 
mechanical  and  financial  success  of  utilizing  artificial  heat.  When  bricks 
are  sun  dried  the  loss  during  one  season  is  from  20  to  50  per  cent. ,  while 
the  manufacturer  must  cease  work  at  the  beginning  of  winter.  But  when 
artificial  drying  is  used,  work  may  continue  during  the  whole  season, 
provided  clay  has  been  housed,  and  no  loss  or  delay  at  any  time  occurs 
from  stormy  weather.  It  will  cost  about  five  cents  per  thousand  to  hack 
bricks  from  the  press  to  the  drying  floor,  and  one  ton  of  coal  will  dry 
five  thousand  bricks.  A  green  stiff  clay  brick  contains  more  than  a 
pound  of  water  to  be  evajjorated,  and  a  kiln  of  bricks  would,  therefore,, 
require  from  16  000  to  300  000  pounds  of  water  to  be  evaporated;  hence 
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tlie  important  fact  is  developed  that  much  care  and  attention  sliould 
be  given  to  drying  methods. 

Setting  Brick. — The  method  of  setting  bricks  in  the  kiln  materially 
affects  the  results  of  burning.  The  methods  described  will  apply  par- 
ticularly to  kilns  provided  with  permanent  walls.  In  an  up  draft  kiln 
the  bricks  are  set  with  a  wider  space  between  those  at  the  bottom  than 
at  the  top,  but  in  a  down  draft  kiln  the  reverse  is  the  rule.  By  setting 
them  in  this  manner  the  draft  is  increased,  thus  facilitating  the  dis- 
tribution of  the  heat.  Bricks  should  be  set  not  only  to  obtain  a  perfect 
draft,  but  also  to  utilize  all  the  heat  possible  from  the  combustion  of  the 
fuel,  and  to  leave  the  least  number  of  marks  on  them  when  burned. 
Ordinarily  the  space  between  bricks  is  1  inch,  but  to  facilitate  the  dis- 
tribution of  heat  throughout  the  kiln,  the  space  is  increased  or  dimin- 
ished to  suit  the  condition  of  the  bricks.  The  methods  of  setting  are 
three  over  three,  four  over  four  and  five  over  five.  The  cost  of  setting 
is  variable  in  different  localities,  ranging  from  thirty  to  sixty-four  cents 
per  thousand.  Three  men  will  set  from  twenty-five  thousand  to  thirty 
thousand  per  day. 

Burning  Brick. — Where  improved  methods  of  burning  are  in  use 
the  old  style  of  kiln  built  of  green  bricks  and  plastered  with  clay  on 
the  outer  surface  to  retain  the  heat,  is  discarded.  Stationary  kilns  con- 
structed of  brick  with  permanent  walls  about  2  feet  in  thickness,  are 
utilized.  Another  type  is  the  continuous  kiln,  which  is  divided  into 
sections,  permitting  the  waste  heat  in  one  compartment  to  be  utilized  to 
heat  the  green  bricks  in  adjacent  ones.  The  principle  of  the  continuous 
kilns  is  to  utilize  the  heat  contained  in  the  burned  bricks  during  cooling, 
in  partially  heating  the  green  bricks  set  in  adjacent  compartments. 

The  initial  process  in  burning  brick  is  the  removal  of  the  excess  of 
moisture  in  the  green  bricks,  which  requires  a  temperature  of  212 
degrees.  This  is  called  water  smoking,  the  time  required  to  accomplish 
which  is  from  four  to  six  days  (being  controlled  by  the  amount  of  mois- 
ture the  bricks  contain),  and  from  three  to  four  days  more  to  complete 
the  burning  and  cooling.  Slow  water  smoking  is  considered  preferable, 
as  a  rapid  change  in  temperature  tends  to  check  the  bricks.  This 
checking  is  produced  by  too  rapid  drying  of  the  outer  surface,  before 
the  moisture  contained  in  the  center  of  the  bricks  has  been  evaporated. 
The  extraneous  water  should  be  driven  off  before  the  heat  is  increased 
sufficiently  to  eliminate  the  combined  water.  This  applies  with  greater 
force  when  much  lime  is  present  in  the  clay. 
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The  draft  in  common  kilns  built  entirely  of  green  bricks  is  upward; 
this  is  the  same  largely  in  kilns  constructed  with  permanent  walls.  The 
permanent  up  draft  kilus  are  constructed  with  side  and  end  walls  2  feet 
or  more  in  thickness,  but  open  at  top.  The  kiln  is  filled  with  green 
bricks,  and  will  hold  thirty  to  forty  courses  in  height,  of  brick  set  on  edge. 
To  retain  the  heat,  the  top  course  is  covered  with  brick  bats  and  imper- 
fect bricks,  then  plastered  with  clay.  The  down  draft  kilns  are  provided 
with  a  brick  roof,  and  this  type  may  be  constructed  to  jsermit  the  up  and 
down  draft  method  to  be  combined  in  one  kiln  ;  but  there  is  no  special 
advantage  gained  by  this  method. 

A  brick  may  look  well  on  the  surface,  but  when  broken  across  the 
center  show  only  a  crust  half  an  inch  in  thickness  that  is  well  burned, 
indicating  that  the  heat  necessary  to  burn  a  perfect  brick  was  not  con- 
tinued long  enough  to  produce  uniform  hardness.  As  nearly  all  clays 
will  shrink  under  certain  degrees  of  heat,  the  surface  of  a  brick,  when 
harder  than  the  interior,  permits  unequal  contraction  to  take  place,  and 
when  subject  to  uneven  jDressiire  it  is  in  a  condition  to  break  easily. 

Bricks  moulded  by  the  dry  clay  process  require  a  longer  time  to  water 
smoke  than  if  moulded  by  any  other.  As  the  material  is  subject  to 
greater  pressure  it  is  more  dense,  consequently  contains  more  clay,  and 
will  require  a  longer  time  to  evaporate  moisture.  A  full  and  free  draft 
is  necessary  during  water  smoking.  Down  draft  kilns  are  preferred  for 
burning  this  class  of  brick. 

All  clays  that  shrink  much  in  burning  possess  alkaline  salts,  and 
if  heated  too  rajiidly  before  the  moisture  contained  in  the  center  of  the 
brick  has  been  removed,  the  salts  will  effervesce;  and  if  the  kiln  is 
closed  before  the  salts  are  oxidized  or  burnt  off,  the  bricks  will  become 
discolored. 

Chemical  Change  in  Burning. — The  elements  of  chemical  change  in 
burning  moulded  bricks  are:  first,  complete  removal  of  moisture,  which 
is  accomplished  by  maintaining  a  temperature  of  212  degrees  Fahr. 
several  days  after  the  temperature  of  the  kiln  has  reached  this  degree  of 
heat.  Next,  elimination  of  the  water  of  crystallization,  during  which  the 
clay  becomes  rigid,  shrinking  in  volume.  After  and  during  expulsion 
of  combined  water,  the  organic  matter  burns  out.  Shrinking  ceases 
when  all  water  of  crystallization  has  been  expelled  up  to  red  heat,  yet 
with  increased  heat  shrinking  will  continue  up  to  the  moment  of  fusion. 
Good  flint  clay  containing  some  sand  will  lose  all  shrinkage  on  being 
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once  calcined  at  white  lieat.  Some  clays  possess  a  very  high  percentage 
of  silicate  of  alumina,  containing  little,  if  any,  foreign  matter.  Carbonate 
of  magnesia  will  lose  its  water  of  crystallization  at  as  low  a  temperature 
as  60  degrees  Fahr. ;  then  cold  water  decomposes  it  and  the  result  is  an 
insoluble  white  hydrate  in  jjowder,  seen  on  the  cracked  bricks  in  the 
kiln.  The  temperature  required  to  complete  the  burning  of  a  kiln  of 
bricks  is  from  2  200  to  2  600  degrees  Fahr.,  but  burners  usually  deter- 
mine the  degree  by  the  appearance  or  color  of  bricks.  The  degree  of 
temperature  applied  during  water  smoking  is  ascertained  by  means  of 
a  Fahrenheit  thermometer  ;  for  higher  temperatures  the  pyrometer  is 
the  only  reliable  instrument,  yet  the  latter  has  only  been  brought 
into  recent  use  and  by  a  very  limited  number  of  manufacturers. 

The  present  prevailing  practice  and  the  tendency  to  a  large  increase  in 
the  use  of  improved  machinery  and  methods,  is  very  encouraging  to  any 
having  an  interest  in  the  development  of  a  good  brick;  this  tendency 
particularly  applies  to  the  manufacture  as  carried  on  near  cities  located 
in  the  central  States.  That  the  thumb-rule  and  the  stick  and  mule 
"combine"  will  sooa  be  relegated  to  the  past,  is  the  devout  wish  of  the 
writer.  This  '•  combine  "  has  promoted  the  brick  industry  in  the  past, 
therefore  deserves  a  fitting  eulogy,  then  to  be  silently  buried  in  clay. 

Pakt  II. — Plants. 

The  Lorillard  Brick  Works,  located  about  two  miles  south  of  Key- 
port,  N.  J.,  are  among  the  largest  in  the  United  States. 

The  soil  overlaying  the  bed  of  clay  utilized  here  has  a  depth  of  five 
feet  or  more.  The  company  controls  300  acres  of  land.  After  the  removal 
of  the  surface  soil  the  clay  is  excavated  with  steam  dredgers  and  de. 
posited  on  dump  cars  which  are  hauled  to  an  incline  and  there  trans- 
ferred up  an  inclined  trestle  (by  means  of  a  cable)  into  the  clayhouse. 
The  cars  being  side  dumping,  can  discharge  the  clay  on  either  side  of 
the  trestle  into  a  pit  below,  from  which  two  belts  elevate  the  clay  to  the 
tempering  machine.^  These  belts  are  2  feet  in  width,  and  the  clay  is 
deposited  on  them  by  two  men  stationecl  at  the  lowest  point,  provided 
with  long  handled  shovels,  while  a  third  man  sprinkles  sand  over  the 
clay  as  it  i^asses  him  by  the  forward  motion  of  the  belts.  All  maternal 
after  leaving  the  clay  pit  is  manipulated  with  mechanical  power  until 
delivered  in  the  brick  kilns  to  be  set  for  burning,  except  the  cutting 
the  bricks  at  the  press  and  their  transfer  thence  to  the  cars.     Fig.  5 
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will  show  the  arrangement  of  the  graniilator,   crusher,  pug  mill  and 
brick  press. 

One  man  is  stationed  at  the  granulator  and  crusher  to  remove  obstruc- 
tions, should  any  occur  in  feeding.  The  granulator  is  similar  in  con- 
struction to  the  pug  mill  (Fig.  7),  yet  is  adapted  to  receive  the  clay 
direct  from  the  clayhouse.  The  belt  from  the  clay  pit  discharges 
material  into  the  granulator,  which  is  j^rovided  wath  radiating  knives  to 
break  up  the  lumps  of  crude  clay.  The  granulator  discharges  the  clay 
at  a  uniform  rate  and  in  a  uniform  condition  into  the  crusher  (Fig.  6). 


Fig.  5. 

At  the  point  of  discharge  the  granulator  has  reduced  all  lumjis  to  about 
the  size  of  eggs,  and  capable  of  manipulating  enough  clay  to  make  fifty 
to  eighty  thousand  bricks  i^er  day. 

The  crusher  is  provided  with  rollers  and  reduces  the  clay  to  thin 
sheets,  which  are  deposited  on  a  second  endless  belt  utilized  to  elevate 
the  clay  to  a  height  of  14  feet  above  the  floor,  there  discharging  it  into 
the  pug  mill,  located  adjacent  to  the  brick  machine  shown  in  Figs.  5  and 
7.     The  duty  of  the  pug  mill  is  to  complete  the  requisite  tempering  of 
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the  clay,  reducing  it  to  a  plastic  mass  before  it  enters  the  brick  press. 
A  pug  mill  similar  in  design  is  now  considered  an  important  factor  of  the 


Fig.  6. 


success  of  any  well  regulated  plant.      The  construction  of  the  pug  mill 
and  granulator   is  similar,  both  being  provided  with  cutting  knives;. 
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but  those  in  the  latter  are  arranged  to  reduce  the  large  lumps,  and  in 
the  former  to  manipulate  the  material  which  has  been  partially  temjiered 
by  the  granulator  and  crusher,  reducing  the  rolled  clay  now  in  sheets  to 
a  plastic  mass,  in  which  condition  it  enters  the  brick  machine. 

The  brick  press  illustrated  in  Fig.  3  is  of  the  plunger  type  in  con- 
struction. The  clay  enters  the  drums  or  tempering  cylinder,  in  the 
renter  of  which  is  a  shaft  filled  with  blades  that  grind  the  clay  and  force 
it  through  a  porthole  into  the  pressing  chamber.  A  plunger  driver  then 
presses  the  clay  through  the  die  and  on  the  cut  oil"  table,  as  shown.  The 
mechanical  device  used 
to  proj^el  the  jjlunger  is 
a  steel  cam  jjlaced  on  the 
main  shaft  between  the 
upper  and  lower  bed 
plates.  It  operates  the 
rollers  at  the  front  and 
rear  ends  of  the  sliding 
frame,     to     which     the  Fig.  8. 

plunger  is  attached,  providing  an  alternate  forward  and  backward 
motion  at  each  revolution  of  the  shaft.  Nearly  any  conceivable  size 
and  form  of  brick  can  be  made  by  change  of  die.  This  press  is  capable 
of  turning  out  sixty  to  eighty  thousand  bricks  in  ten  hours.  The  grain 
of  the  bricks  made  by  this  machine  is  vertical. 

At  each  revolution  of  the  machine  the  plunger  moves  forward  and  forces 
the  bar  of  clay  through  the  die  and  upon  the  apron  of  the  cut  off  table. 
As  soon  as  the  bar  of  clay  has  come  to  rest  upon  the  belt  and  the  plunger 
begins  to  move  back,  the  operator  cuts  the  bricks  and  removes  them 
with  brick  forks  (which  are  similar  in  action  to  ice  tongs),  lifting  four 
bricks  at  a  time.  Two  men  operate  the  cut  off  device  and  remove  the 
bricks  to  pallets  resting  ou  the  car  shown  in  Fig.  8.  The  car  stands  on 
the  side  track  parallel  with  the  cutting  table.  Each  man  is  provided 
with  a  brick  fork,  therefore  only  one  motion  of  each  is  required  to  clear 
the  cutting  table.  Two  pallets  fill  the  length  of  the  car,  and  when  covered 
with  brick,  a  second  layer  is  put  in  position,  resting  on  the  first.  This 
process  is  repeated  until  the  necessary  height  is  attained,  usually  six 
layers.  The  pallets  are  placed  in  position  by  two  boys.  When  filled, 
the  car  of  green  brick  is  moved  by  a  man  to  the  main  track  (who  returns 
an  empty  car),  thence  transferring  the  full  car  to  the  drying  tunneL 
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Fig.  9  shows  the  side  track  and  transfer  car  resting  on  the  main  track, 
which  supports  the  drying  car  shown  in  Fig.  8,  the  former  illustrating 
the  method  of  transfer. 

The  drying  tunnel  will  admit  several  cars  filled  with  green  bricks,  which 
are  allowed  to  remain  from  twelve  to  twenty-four  hours.  "When  the  bricks 
are  dry  the  loaded  car  is  transferred  through  the  tunnel  into  the  kiln  near 
by,  where  the  bricks  are  set  for  burning,  which  is  the  second  handling 
after  the  material  has  left  the  clayhouse.  The  drying  tunnels  have  a 
clear  opening  of  3  feet  2  inches  x  4  feet,  and  are  about  84  feet  long. 
They  are  arranged  in  sections,  each  section  containing  from  eleven  to 
twenty-five  tunnels.  This  arrangement  is  made  to  facilitate  communi- 
cation between  the  pressroom  and  the  brick  kilns,  as  the  latter  are 
located  in  the  rear  of  the  tunnels.  Open  spaces  are  left  between  the 
sections  to  permit  the  passage  of  carts.     The  tunnels  are  heated  with 


Fig.  9. 

steam  by  means  of  pipes  on  the  roof,  which  extend  the  entire  length  of 
a  tunnel  section,  but  cover  less  than  half  the  length  of  a  tunnel.  The 
roof  of  the  tunnels  beneath  is  coated  with  perforated  plate  iron,  over 
which  the  pij^es  are  located  and  partially  covered  by  a  shield. 

In  order  to  make  the  relative  location  clear,  the  series  of  sections  com- 
prising the  drying  tiinnels  will  be  represented  as  occupying  a  city  block, 
in  the  form  of  a  rectangle,  ciit  up  transversely  with  alleys  between  the  sec- 
tions. The  tunnel  sections  fronting  on  A  street,  and  located  on  the  right 
side,  and  the  rear  or  exit  of  tunnels  fronting  on  B  street.  On  the  left 
side  of  A  street  is  located  the  clay  manipulator  and  the  brick  presses,  and 
the  power  plant  is  adjacent  for  operating  them.  In  A  street  a  track  is 
located  from  which  connection  can  be  easily  made  to  all  side  tracks  lead- 
ing from  the  j^resses  and  to  the  drying  tunnels  as  shown  in  Fig.  9.  B 
street  is  provided  with  longitudinal  tracks,  and  tracks  connecting  with 
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the  drying  tunnels  and  brick  kilns.  The  exit  of  tlie  drying  tunnels  is  on 
the  left  side  of  B  street,  and  the  entrance  to  the  brick  kilns  is  on  the  right 
side  of  B  street.  The  longitudinal  tracks  on  B  street  extend  to  the  out- 
side of  the  buildings,  and  connect  Avith  a  track  leading  down  to  a  dock  on 
tne  bay  about  one-fourth  of  a  mile  distant.  At  this  dock  the  brick  can  be 
shipped  for  transportation  by  water.  A  small  locomotive  is  utilized  here 
to  transfer  loaded  cars  to  the  dock.  The  works  are  also  connected  by  rail 
with  the  New  Jersey  Central  Railroad.  The  inner  dimensions  of  the  kiln 
are  25  x  100  feet,  with  walls  2  feet  in  thickness,  which  are  open  at  the  toi?, 
designated  as  up  draft  kilns.  They  are  provided  with  furnaces  on  the 
outside  for  firing.  This  plant  at  the  date  of  the  writer's  visit  consisted 
of  eight  kilns,  having  a  capacity  of  one  million  bricks  each,  and  four 
that  would  contain  one-half  a  million  each.  The  bricks  are  set  in  the 
kiln  forty-four  courses  high,  on  edge. 

Anthracite  coal  is  used  for  the  drying  tunnels,  but  soft  coal  for 
burning.  The  plant  has  a  capacity  for  producing  more  than  tifty  mil- 
lion bricks  per  annum.  The  dimensions  of  the  green  bricks  are  2J  x  3J 
X  8i  inches  and  of  burned  bricks  2^  x  3^x8^  inches,  shrinking  one- 
fourth  an  inch  in  every  direction.  Both  soft  and  stiflf  clay  bricks  are  made 
at  these  works.  The  brick  machines  utilized  here  were  supplied  by  J. 
W.  Penfield  &  Sons,  Willoughby,  O.,  to  whom  the  author  is  indebted  for 
illustrations. 

The  plant  of  the  Galesburg  Pressed  Brick  and  Tile  Company  is  located 
at  Galesburg,  III.  The  clay  bed  is  located  about  two  miles  east  of  the 
city,  on  the  side  of  a  ravine  through  which  a  brook  flows.  A  test  boring 
made  to  a  depth  of  110  feet  failed  to  reach  the  base  of  deposit,  the  boring 
having  passed  through  a  vein  of  coal  which  is  utilized  for  fuel  in  burning. 
The  common  designation  of  the  grade  of  clay  used  is  "shale,"  and  the 
deposit  belongs  to  the  lower  coal  formation.  The  clay  bank  (covered 
by  a  few  feet  only  of  soil)  consists  of  a  top  surface  layer,  gray  in  color, 
and  20  feet  thick.  Directly  beneath  this  is  a  bed  45  feet  thick  of  blue 
clay,  which  is  finer  in  texture  than  the  gray.  Both  grades  of  clay  are 
stratified,  the  layers  being  from  5  inches  to  3  feet  in  thickness,  and 
broken  by  vertical  seams.  Such  seams  prevail  to  a  greater  extent  with 
the  gray  than  the  blue. 

The  machinery  is  operated  by  a  60  horse-power  Frost  engine.  The 
plant  consists  of  two  dry  pan  crixshers,  one  Andrus  dry  clay  press,  one 
Acme  auger  press   for  stiflf  clay  bricks,   which  include   common   and 
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paving  bricks.  The  kilns  are  six  in  number,  and  possess  capacity  to 
burn  seven  liundred  and  seventy  thousand  bricks.  One  kiln  with  a 
capacity  of  burning  one  hundred  thousand  bricks  is  an  old  style  Phila- 
delphia kiln,  open  at  top.  There  are  two  square  kilns  of  the  Eudaly 
type,  with  a  combined  capacity  of  five  hundred  and  thirty-two  thoiisand 
bricks;  and  three  round  Eudaly  kilns,  with  combined  capacity  of  one 
hundred  and  thirty-eight  thousand  bricks.  The  stiff  clay  bricks  are 
hacked  to  a  drying  floor,  where  they  remain  one  day  and  are  then  taken 
to  the  kiln.  The  dry  pressed  brick  go  direct  from  the  press  to  the  kiln. 
The  clay  being  very  hard,  is  excavated  with  dynamite;  and  when  too 
large  in  size  for  crushers,  the  pieces  are  broken  up  in  the  same  way. 

No  track  is  utilized  for  moving  the  clay  cars  from  the  bank  to  the  in- 
clined plane.  The  dump  cars  are  provided  with  wheels  having  broad 
tires  that  can  be  run  easily  by  one  man  over  the  hard  surface  of  the  clay 
pit.  The  clay  cars  are  2^  x  3^  feet,  with  the  rear  end  board  fitted  for 
self-dumping  by  a  simple  device,  as  the  car  arrives  at  the  top  of  the  in- 
clined plane.  The  inclined  plane  consists  of  a  double  track  constructed 
of  wood,  with  a  guard  strip  16  inches  wide  in  the  center  between  the 
tracks,  and  one  outside  of  each  exterior  rail,  which  retain  the  cars  in 
position. 

The  cars  are  elevated  by  means  of  a  winding  drum  oi^erated  from  the 
engine,  and  deposit  the  clay  into  a  hopper,  which  conducts  it  into 
the  crusher,  as  shown 
in  plan.  Fig.  10.  The 
length  of  the  incline  is 
about  80  feet,  and  it 
terminates  30  feet  above 
the  clay  pit.  One  man  at- 
tends two  dry  pan  crvish- 
ers,  removing  lumps  from 
the  hopper  that  obstruct 
free  passage  to  the  dry 
pan.    The  dry  pan  crush-  Fig.  h. 

ers  (Fig.  11)  consist  of  a  heavy  upright  iron  shaft,  supported  at  bottom  as 
shown,  and  secured  in  the  center  of  a  rigid  frame  which  is  about  12  feet 
wide,  with  supporting  timbers  to  which  the  upper  bearing  of  the  center 
shaft  is  secured.  To  the  upper  end  of  the  vertical  shaft  a  beveled  wheel  5 
feet  in  diameter  is  keyed,  and  over  it  a  driving  i^uUey  shaft.     The  dry  pan 
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is  8  feet  in  diameter  and  secured  to  a  central  shaft  ■which  is  utilized  to  pro- 
duce a  revolving  motion  to  the  pan.  Six  feet  of  the  center  of  this  pan 
is  solid,  around  which  are  set  perforated  plates  1  foot  wide  through 
■which  the  green  clay  is  sifted  and  falls  into  a  hopper-shaped  receptacle 
below,  not  sho-nn  in  the  sketch.  The  cross  shaft  supporting  the  rollers  is- 
suspended  from  a  cross-head  above,  thereby  removing  the  entire  -weight 
from  the  j^an  and  central  shaft.  The  space  bet-ween  the  pan  and  the 
lo-wer  face  of  the  rollers  is  one-fourth  of  an  inch.  The  pan  and  crushing 
rollers  are  independent.  The  rollers  revolve  around  a  horizontal  shaft 
and  not  around  the  pan.  This  shaft  possesses  an  uj^ward  motion  permit- 
ting large  lumps  of  clay  to  enter  the  pan,  as  the  rollers  are  self-adjusting. 
When  the  pan  is  tilled  ■with  clay  and  revolved  it  produces  an  opposite 
motion  of  the  rollers,  crushing  the  clay  by  a  grinding  pressure  of  its 
■weight,  which  is  about  6  000  jsoiinds.  Two  plows,  not  shown  in  the 
sketch,  are  bolted  to  the  timber  and  set  in  front  of  the  rollers  and  across- 
the  screen  plates,  in  a  manner  to  replace  lumps  of  clay  under  the  rollers 
again,  retaining  all  lumps  in  position  to  be  crushed.  A  vertical  rim  of 
boiler  plate,  12  to  16  inches  wide,  retains  the  clay  in  the  pan.  The 
rollers  are  4  feet  in  diameter  and  have  a  12-inch  face.  A  jaair  of  rollers 
have  the  capacity  to  grind  clay  to  make  fifty  thousand  to  sixty  thousand 
common  and  paving  bricks  and  from  twenty-five  thousand  to  thirty 
thousand  paving  bricks  in  ten  hours. 

Cup  elevators  convey  the  ground  clay  from  the  receptacle  below  the 
dry  pan  up  to  hoppers  on  the  second  floor,  that  have  the  capacity  of  4 
tons  each,  from  which  it  descends  to  a  pug  mill,  which  is  attended  by  a 
boy  provided  with  a  hose  to  add  water  in  sufficient  quantity  to  make  the 
clay  powder  plastic  as  it  enters  the  pug  mill.  This  method  is  the  stifi' 
clay  process.  This  pug  mill  is  a  trough  about  30  inches  in  diameter  and 
6  feet  long,  provided  with  a  central  shaft  to  which  the  mixing  knives  are 
attached.  The  knives  also  aid  in  forcing  the  clay  forward  to  the  oppo- 
site end,  from  whence  it  drops  into  the  brick  press,  in  which  the  common 
and  paving  bricks  are  moulded. 

A  second  set  of  dry  pan  crushers  j)repares  the  clay  for  the  dry  press 
in  the  same  manner  as  described,  and  similar  carriers  transfer  the  clay 
to  the  hopjiers  and  floor  above,  from  which  it  descends  to  the  dry  press 
without  any  admixture  of  water.  The  "Acme"  brick  press  for  treating 
stiff  clay  is  located  directly  below  the  pug  mill  previously  described, 
permitting  clay  to  drop  directly  into  it  through  a  chute. 
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The  motion  of  clay  in  the  pug  mill  is  controlled  by  means  of  a  feed 
l^laced  in  a  hopper  attached  to  the  pug  mill,  which  is  simply  one 
side  of  this  pivoted  to  act  like  a  jaw,  to  force  the  clay  against  the 
grinding  knives  in  the  brick  press,  and  when  drawn  back  to  permit  the 
clay  from  above  to  pass  freely.  The  Acme  brick  i^ress  (Fig.  2)  consists 
of  a  heavy  conical- shaped  cylinder  in  which  is  set  a  horizontal  steel  shaft 
l^rovided  with  mixing  knives,  and  screw  propellers  on  the  end  to  ijrevent 
the  clay  from  slipping  back  toward  the  hopper.  The  ribs  (Fig.  12)  run- 
ning around  the  machine  correspond  to  the  threads  of  a  right-hand  screw, 
while  the  auger  acts  as  a  left-hand  screw. 
The  spiral  ribs  prevent  the  clay  from 
turning  with  the  propellers,  moving  it 
forward  to  the  orifice,  to  which  a  brick 
die  with  two  openings  is  attached, 
through  which  two  continuous  slabs  of 
clay  are  forced  out  on  a  cutting  table 
(which  moves  on  anti-friction  rollers) 
with  an  end  motion  of  about  8  inches. 
The  cutting  frame  when  depressed  cuts 
six  bricks,  which  are  then  removed  to 
pallets  Avhile  the  frame  is  returned  to 
again  receive  slabs  of  clay.  The  green 
bricks  are  hacked  from  the  i>ress  to  the  drying  floor  on  spring  trucks, 
where  they  are  set  on  edge  and  remain  one  day,  then  removed  and  set 
in  kilns  for  burning.  The  capacity  of  fhe  Acme  press  is  thirty  thou- 
sand to  fifty  thousand  bricks  jDer  day. 

The  Andrus  dry  clay  brick  press,  for  making  dry  ijressed  brick,  is 
shown  in  Fig.  4  This  machine  is  of  a  double  pressure  type  (that  is, 
with  the  plungers  having  co-ordinate  upward  and  downward  motions), 
with  the  pressure  strains  transmitted  through  connecting  rods  and  not 
upon  the  cast  iron  frame,  and  with  the  joints  and  working  parts  out  of 
the  way  of  damage  from  grit.  The  machine  exerts  a  pressure  of  about 
50  tons  on  each  brick,  evenly  distributed  on  both  bottom  and  top 
of  the  brick.  The  pressure  plates  are  adjustable  and  can  be  easily 
raised  or  lowered  if  it  is  desired  to  change  the  thickness  of  the  bricks. 
Clay  should  be  pulverized  to  the  consistency  of  coarse  corn  meal  before 
entering  the  press.  The  bricks  are  delivered  automatically  on  the  rack 
in  front  of  the  machine  at  each   operation.     Two   men  provided  with 
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suitable  trucks  will  remove  to  the  kiln  twenty  thousand  bricks  in  ten 
hours.     Six  horse-power  is  required  for  operating  the  machine. 

Drying  Floor. — The  drying  floor  is  located  in  a  brick  building  ad- 
jacent to  the  brick  pressroom  and  is  44  x  98  feet  in  size  (Fig.  10).  The 
drying  floor  is  on  the  same  level  as  the  pressroom,  yet  the  bottoms  of 
the  flues  are  nearly  four  feet  lower.  The  heating  flues  ai-e  36  feet  long, 
leaving  a  space  of  7i  feet  for  feeding  the  furnaces.  There  are  nineteen 
flues  in  the  length  of  the  building,  connected  with  five  chimneys  by 
means  of  transverse  channels.  The  heating  flues  are  higher  in  rear  than 
in  front.  The  entire  floor  is  covered  with  earth  12  inches  thick  in  front 
and  diminishing  to  3  inches  in  the  rear,  and  this  earth  surface  is 
paved  with  one  layer  of  brick  laid  flatwise.  The  capacity  is  thirteen 
thousand  to  eighteen  thousand  bricks  in  ten  hours.  The  green  bricks 
are  hacked  on  this  floor  and  usually  allowed  to  remain  twenty-four 
hours,  and  are  then  transferred  to  the  kiln.  Coal  mined  on  the  i^remises 
60  feet  below  the  surface  of  the  clay  is  utilized  for  fuel.  The  coal 
seam  is  30  inches  thick.  Clay  deposit  is  found  below  the  coal  to  an  un- 
known depth.  A  platform  9  feet  high  extends  from  the  coal  shaft  to 
the  furnace  flues  of  each  brick  kiln  and  also  in  front  of  the  power-house 
and  drying  floor,  on  which  loaded  coal  cars  are  propelled  by  hand  to 
sujiply  fuel. 

Brick  Kilns. — The  location  of  all  the  kilns  utilized  for  burning 
brick  in  this  plant  is  shown  on  plan  (Fig.  10).  All  kilns  except  No.  6 
are  of  the  Eudaly  type.  The  rectangular  form  is  shown  in  Fig.  13, 
The  circular  kilns  are  similar  in  action,  but  liave  a  central  flue  not 
required  in  the  form  illustrated,  and  are  jirovided  with  iron  bands 
about  4  inches  wide  to  prevent  outward  expansion  from  heat,  but  rect- 
angular kilns  have  posts  and  rods  for  a  similar  purpose.  The  round 
kilns  are  better  adapted  to  burn  brick  in  small  quantities  than  the  rect- 
angular form.  The  principles  of  construction  are  identical,  all  walls 
being  two  feet  or  more  in  thickness  and  about  14  feet  high.  The  kilns 
are  divided  into  sections  in  the  bottom  only.  In  each  of  the  sections  a 
large  flue  F  runs  from  the  walls  S  to  side  walls,  and  there  connects 
with  chimneys  built  in  the  wall  of  the  kiln.  Each  chimney  has  a  cer- 
tain part  of  the  kiln  to  control,  and  cannot  take  heat  from  any  other 
part,  except  dampers  are  closed  to  throw  heat  into  other  sections. 
These  sections  being  located  in  the  bottom  of  the  kiln  do  not  interfere 
with  setting.  A  space  is  left  over  the  wall  S,  when  bricks  are  set,  to 
permit  heat  to  iJass  quickly  down  to  the  bottom  of  the  kiln. 
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Fig.  14  shows  a  detail  of  the  furnace.  The  rear  of  the  furnace  is 
contracted  to  form  a  double  bell  mouthed  orifice  or  throat  M,  flaring  at 
both  ends.  On  each  side  of  the  throat  Maxe  air  chambers,  0,  0,  sup- 
plied with  air  through  air  flues,  m,  m.  On  each  side  of  the  fireVjox  G 
are  air  chambers,  V,  V,  supplied  with  air  through  flues,  n,  n.  The  air 
from  chambers  V,  Fand  0,  Centers  the  throat  Ji  and  the  firebox  through 
small  openings  between  the  ends  of  the  firebrick  linings.  When  the 
furnace  is  charged  with  a  fresh  supply  of  fuel  the  gases  set  free  would, 
if  not  prevented,  pass  out  through  the  kiln  unburned,  but  the  currents 
of  air  from  the  air  chamber  V,  V  come  in  contact  with  the  carbon  and 
hydrogen  gases  as  they  rise  and  combustion  begins  at  once.  The  light 
gases  not  consumed  in 
the  furnace  G  come  in 
contact  with  the  bridge 
-wall  in  the  throat  M  in 
curved  lines  that  first 
contract  and  then  ex- 
pand the  flame;  this  in- 
creases the  draft  and  at 
the  same  time  the  escap- 
ing gases  are  supplied 
with  oxygen  heated  to 
a  temperature  insuring 
perfect  combustion.  Fig.  14. 

The  heated  air  after  leaving  the  furnace  flue  M  passes  up  through 
an  air  flue  (as  shown  by  arrows  in  Fig.  10)  to  the  top  of  the  kiln, 
where  it  separates,  a  portion  going  down  through  the  green  bricks  to 
the  flues  P  and  F  at  the  bottom,  thence  out  through  the  chimneys,  while 
a  portion  is  drawn  down  through  the  open  space  over  the  wall  S  be- 
tween the  stacks  of  brick,  and  distributed  directly  to  the  bottom  of 
the  kiln.  If  desired,  a  portion  of  the  heat  from  the  kiln  may  be  drawn 
down  to  the  blind  flue  F  and  allowed  to  escape  from  the  kiln. 

The  outer  end  of  the  blind  flue  F  is  closed  when  burning.  The 
chimney  leading  from  the  blind  flue  can  be  closed  by  means  of  a  damper 
from  the  outside  of  the  kiln.  The  center  of  the  kiln  being  already  hot, 
the  heat  will  continue  to  pass  down  the  center  stack  to  the  bottom,  but 
as  the  draft  is  cut  off"  from  F  when  the  damper  is  closed,  the  heat  is  forced 
through  the  openings  in  the  floor  to  the  brick  in  some  other  part  of  the 
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kiln  to  escape.  This  arrangement  of  draft  and  flues  permits  tlie  burner 
to  distribute  the  heat  and  thereby  prevent  an  excess  at  the  top  of  the 
kiln.  Peep  holes  are  provided  in  each  section  to  enable  the  condition 
of  the  burn  to  be  ascertained  from  outside.  If  heat  should  be  found  to 
be  excessive  in  one  section,  it  can  be  transferred  to  another  by  simply 
closing  the  damper  in  the  chimney  and  stopping  the  draft.  This  device 
provides  a  method  of  keeping  the  heat  in  different  portions  of  the  kiln 
under  proper  control  and  preventing  excessive  burns.  When  the  kiln  is 
cool  enough  to  admit  cool  air,  the  flue  i^and  holes  in  the  crown  are 
opened,  but  the  dampers  in  the  chimney  are  closed.  The  cool  air  will 
then  enter  the  flue  F  and  pass  up  through  the  bricks  and  out  at  toi?. 
The  burner  at  this  plant  is  one  of  the  best  in  the  country,  and  the  pro- 
prietors after  several  years'  experience  with  these  kilns  speak  in  high 
terms  of  its  burning  qualities. 

Dry  pressed  and  common  brick  made  here,  shrink  in  burning  about 
one-half  inch.  Paving  brick  shrink  in  length  1  inch,  in  w  idth  one-half 
inch,  in  thickness  one-fourth  inch. 

The  following  named  manufacturers  supplied  the  machinery  for  this 
plant,  and  the  author  is  indebted  to  them  for  the  illustrations  and  de- 
scriptions: Frost  Manufacturing  Company,  Galesburg,  111.,  supplied 
boiler,  engine  and  dry  pan  crushers.  H.  O.  Whitney,  Keokuk,  Iowa, 
the  Andrus  dry  press.  Henry  Sheckler  &  Hover,  Bucyrus,  O.,  the 
Acme  press.     W.  A.  Eudaly,  Cincinnati,  the  brick  kilns. 

Part  III. — Brick  Pavements. 

The  impression  has  been  general  that  brick  is  too  soft  and  destruc- 
tible a  material  to  endure  the  rough  usage  it  would  be  subjected  to  when 
utilized  for  paving  a  roadway,  but  tests  in  a  large  number  of  cities  in 
this  country,  continuing  through  a  period  of  more  than  fifteen  years,  have 
demonstrated  the  fact  that  when  paving  bricks  are  composed  of  suitable 
material,  properly  made,  burned  and  laid,  they  will  make  a  durable 
pavement. 

QuAiiTiT  OF  Clay. — The  material  required  to  make  a  good  paving 
brick  should  be  a  tough,  stiff  and  tenacious  clay,  which  should  be 
thoroughly  temi^ered  and  moulded  by  machinery  capable  of  producing 
heavy  pressure  to  make  the  material  compact,  close  in  texture  and 
homogeneous.  • 

A  machine  that  will  make  a  good  building  brick  is  not  necessarily 
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adapted  to  produce  a  good  quality  of  brick  for  paving.  It  is  evident 
therefore  that  only  selected  clay  shotild  be  utilized,  and  its  quality 
ascertained  by  thorough  testing  before  being  accepted;  and  also  that 
machinery  adapted  for  treating  this  grade  of  clay  only  should  be  used. 
The  best  available  information  obtained  by  the  writer  is  that  a  machine 
suitable  for  making  stiff  clay  bricks  and  capable  of  j^roducing  the 
necessary  pressure  is  suitable  to  mould  paving  bricks.  EsiJerience  may 
determine  that  a  dry  press  machine  will  mould  good  pavers,  but  at  pre- 
sent it  has  not  been  a  success,  excejjt  in  one  locality,  so  far  as  known  to 
the  writer.  The  objection  is  raised  that  the  great  density  of  paving 
bricks  will  have  a  tendency  to  retard  burning,  therefore  increasing  the 
cost  of  manufacture,  diminishing  uniformity  of  burning  and  leaving  the 
center  of  the  brick  imperfect. 

It  is  not  essential  that  the  clay  bear  a  very  high  degree  of  heat,  but 
it  is  essential  that  its  composition  be  of  a  nature  to  retain  its  moulded 
shape,  and  support  the  superincumbent  bricks  in  the  kiln  when  in  a 
semi-vitreous  condition.  The  more  refractory  a  clay  is,  the  more  it  will 
increase  the  margin  between  the  semi- vitreous  condition  and  the  melting 
of  the  clay.  A  clay  that  will  endure  heat  and  vitrify  without  melting  or 
running  down  will  make  a  good  paving  brick.  The  admixture  of  sand 
to  some  shale  clays  will  improve  their  quality  for  making  pavers. 

In  the  plastic  clay  belt  of  New  Jersey  is  found  a  tough  quality  of 
clay,  between  the  red  brick  clay  and  fire  clay.  Clays  that  make  the 
most  satisfactory  paving  brick  contain  very  little  sand  or  surface  clay 
in  them.  They  are  generally  deep  below  the  surface  and  are  known  as : 
shale  clays,  overlying  the  coal  formations,  yet  good  paving  clays  may  be 
found  in  a  plastic  form.  Clays  composed  of  suitable  material  for 
making  pavers  are  usually  very  hard  and  difficult  to  grind  and  temper. 
Clay  that  will  effervesce  when  tested  with  acid  indicates  the  presence  of 
carbonate  of  lime,  which  will  prevent  vitrifaction ;  hence  this  quality  of 
clay  will  be  unfit  to  make  pavers. 

QuAiiiTY  OF  Paveks. — A  good  leaver  is  very  dense  and  absorbs  only 
a  small  percentage  of  water.  It  should  be  burned  to  a  uniform  hard- 
ness, and  the  surface  should  be  vitrified.  If  water  is  excluded,  frost  will 
be  also.  The  clay  should  be  of  a  quality  to  permit  a  hard  burn,  yet  fire 
clay  is  unfit  for  pavers.  As  paving  bricks  are  subject  to  abrasion  in  a 
much  greater  degree  than  to  compression,  they  should  be  rich  in  silica 
and  substances  that  will  readily  vitrify.     Much  iron,  alumina  and  silica 
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should  be  present,  the  first  and  second  to  produce  strength  and  tough- 
ness, and  the  latter  to  facilitate  vitrifaction.  The  green  bricks  should 
be  dried  slowly,  with  an  even  temi)eraturo,  thereby  facilitating  more 
perfect  crystallization.  A  good  paver  should  be  hard  but  not  brittle  nor 
granular,  which  will  cause  it  to  be  chipped  and  broken  easily.  After 
receiving  a  hard  burn  they  should  be  annealed  to  make  them  tough. 
Dr.  I.  S.  Hopkins,  President  of  the  Georgia  School  of  Technology,  states 
that  there  are  some  vitrified  bricks  which  are  so  brittle  that  when  the 
wheels  of  loaded  vehicles  come  in  contact  with  them  they  wear  off  very 
rapidly.  These  bricks  are  not  good  pavers.  They  must  combine 
toughness  with  vitrifaction.  If  a  brick  is  thoroughly  vitrified  the 
whole  body  of  clay  is  melted  homogeneously  into  one  mass.  Toughness 
means  the  tempering  which  is  given  to  the  clay  while  in  the  firing  or 
burning  process,  whereby  the  life,  grain  and  tenacity  of  the  bricks  are 
not  destroyed.  The  fact  that  a  brick  is  vitrified  does  not  of  itself  make 
a  good  paver,  as  there  are  a  large  number  of  clays  which  will  burn  to  a 
state  of  vitrifaction,  and  yet  will  not  make  bricks  suitable  for  street 
paving  because  they  lack  the  necessary  "toughness." 

Shape  or  Pavers. — It  has  been  proposed  that  the  corners  of  bricks 
be  slightly  rounded  instead  of  square,  to  prevent  chipping,  as  the  sharp 
corners  when  broken  do  not  chip  evenly,  and  produce  a  slight  rough- 
ness in  appearance  of  the  surface.  A  pavement  examined  by  the  writer, 
which  had  been  in  use  four  years,  did  not  indicate  anything  objection- 
able in  its  appearance  or  condition.  A  brick  with  two  round  corners 
would  be  objectionable  on  account  of  increased  labor  in  laying  to  main- 
tain the  round  corners  on  the  surface  ;  therefore  if  round  corners  were 
adopted,  the  four  corners  should  be  uniform. 

Large  bricks,  4  x  5  x  14  inches,  have  been  projjosed,  and  their  advo- 
cates claim  that,  if  perfectly  burned,  they  will  resist  greater  crushing 
strain  and  w-ear  longer  under  abrasion.  But  the  weight  of  evidence  is 
largely  in  favor  of  the  dimension  of  common  bricks.  The  advantages  in 
using  the  common  size  are,  the  ease  with  which  they  are  made  and  the 
readiness  with  which  they  can  be  obtained,  since  all  brickmakers  possess 
moulds  for  making  this  size.  Also  when  pavers  are  required  for  repairs 
they  can  always  be  found.  All  soft  bricks  unfit  for  paving  can  be  sold 
for  building,  hence  the  danger  of  poor  bricks  being  supi)lied  will  be 
diminished.  Bricks  larger  in  size  will  be  more  difiicult  to  manufacture, 
slow  to  dry  and  more  expensive  to  burn.     The  drying  and  burning  will 
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not  be  as  uniform,  hence  the  brick  i)roduced  will  not  be  iDroportionately 
as  strong. 

A  brick  slightly  warped  in  burning  can  be  used  in  the  lower  course, 
but  only  bricks  uniform  in  size  and  perfect  in  form  and  quality  should 
be  allowed  in  the  wearing  surface.  The  lower  course  need  not  be  so 
hard  as  those  in  the  surface  course. 

Tempering. — When  clay  of  a  plastic  nature  is  refractory  it  will  not 
easily  absorb  water  in  tempering,  and  if  ground  before  drying,  it  will  be 
liable  to  pass  through  a  crusher  or  rollers  in  flakes  which  are  not  easily 
broken  in  the  pug  mill  and  therefore  may  l^e  found  in  the  bricks  un- 
tempered.  If  the  clay  be  a  shale  it  is  necessary  to  pass  it  through  a  dry 
pan  or  other  heavy  crusher  to  thoroughly  pulverize  it,  before  temper- 
ing in  the  pug  mill.  When  the  clay  has  been  well  tempered  the  particles 
unite  closely,  and  when  burned  will  make  stronger  pavers,  and  if  broken 
will  present  a  smooth  and  glassy  fracture.  There  is  a  class  of  clays  that 
will  become  brittle  with  much  pugging,  hence  there  is  a  point  beyond 
which  they  cannot  he-  tempered  with  safety.  They  may  be  dense,  but 
l^artake  more  of  the  quality  of  glass,  breaking  easily.  The  Galesburg 
clay  can  be  thoroughly  vitrified  without  becoming  brittle,  and  yet  be 
hard  enough  to  resist  cutting  with  a  chisel. 

Vitrifying  and  Annealing. — ^Experienced  manufacturers  of  paving 
bricks  prefer  a  kiln  in  which  the  heat  can  be  controlled  jjerfectly; 
therefore  permanent  kilns  only  should  be  used.  The  burn  should  be 
complete  when  the  last  fires  are  built,  then  the  kiln  is  closed  and  the  heat 
held  from  twenty-four  to  thirty  hours  to  produce  a  uniform  distribution. 
The  cooling  of  a  kiln  of  brick  should  then  be  done  by  drawing  the  fires 
very  slowly  to  toughen  or  anneal  them.  Much  is  claimed  for  this  method, 
especially  for  common  clays.  Some  refractory  clays  vitrify  freely  by 
the  admixture  of  an  inferior  quality  of  clay,  but  when  used  alone 
become  too  brittle.  Tempering  with  an  inferior  grade  of  clay  tends  to 
toughen  them.  There  doubtless  may  be  much  good  paving  material 
obtained  from  common  clays  when  the  method  of  treating  them  is  dis- 
covered. Some  grades  of  clay,  when  burned  to  the  vitrifying  point, 
become  a  solid  mass.  It  is  useless  to  attempt  making  paving  bricks 
from  clays  that  will  not  retain  their  shape  under  a  degree  of  heat 
sufficient  to  vitrify.  A  hard  burned  and  a  vitrified  brick  difter,  as  the 
former  may  only  contain  the  necessary  properties  to  burn  hard,  and 
none    to    vitrify  ;    then   if    too   hard,    it  becomes    brittle,    and    chips 
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easily  under  travel.  Surface  clays  consisting  of  decomposed  shale  will 
glaze  when  they  contain  sufficient  iron  and  silica,  but  when  too  large 
a  percentage  of  lime  is  present  no  glaze  can  be  obtained.  The  term 
vitrified  is  sometimes  applied  to  pavers  made  of  fire  clay,  but  fire  clay 
is  non-fusible,  and  fusion  is  the  essential  element  in  vitrifaction. 

A  few  manufacturers  are  salt  glazing  their  paving  bricks,  liut  this 
method  should  be  condemned,  as  a  salt  glaze  adds  nothing  to  the 
strength  of  bricks,  and  affords  an  opportunity  to  hide  defects  by  filling 
all  cracks,  covering  blemishes,  and  also  producing  an  appearance  of  a 
hard  bum,  when  the  ojiposite  is  the  condition.  A  first-class  paving 
clay  will  contain  all  elements  necessary  to  produce  a  glassy  appearance 
without  any  artificial  glaze.  The  objection  will  naturally  be  raised  that 
a  brick  coated  with  glass  will  be  too  brittle,  and  unable  to  endure  the 
concussion  incident  to  heavy  traffic  ;  but  if  the  bricks  are  well  annealed 
after  being  vitrified,  instead  of  being  brittle  they  will  be  toughened,  and 
endure  concussion  far  better  than  bricks  that  are  not  vitrified.  A  per- 
fect paving  brick  should  be  hard  burned,  and  then  annealed  to  resist 
compression  and  abrasion,  and  vitrified  to  resist  abrasion,  acids  and 
moisture.  Vitrified  bricks  are  proof  against  caustic  soda,  one  of  the 
most  destructive  chemical  agents,  as  demonstrated  by  recent  experi- 
ments, and  are  therefore  capable  of  resisting  all  acids  affecting  a  pave- 
ment. It  is  essential  that  bricks  should  be  impervious  to  acids  as  well  as 
to  moisture,  as  the  street  refuse  in  cities  contains  a  high  percentage  of 
disintegrating  elements  that  often  have  as  much  effect  in  producing  dis- 
integration in  pavements  as  either  moisture  or  abrasion  ;  however,  all 
other  conditions  being  equal,  brick  will  outlast  all  other  paving  material, 
and  is  preferable  from  either  an  economic,  mechanical  or  hygienic  stand- 
point. The  field  for  the  use  of  vitrified  bricks  is  not  confined  to  street 
pavements  alone,  but  they  can  be  utilized  to  advantage  for  foundations, 
sewers,  culverts,  etc. 

Tests  and  Specifications. — A  crushing  test  of  paving  bricks  made 
at  the  United  State  Arsenal,  Rock  Island,  for  Mr.  William  Steyh,  City 
Engineer  of  Burlington,  la.,  developed  the  following  results,  six  bricks 
only  being  tested,  which  were  selected  from  those  made  at  three  differ- 
ent places.  Spawling  occurred  at  from  30  000  to  40  000  pounds  pressure 
on  the  whole  bi*ick.  The  crushing  strength  jier  square  inch  varied  from 
4  890  to  9  214  pounds.  The  weakest  sample,  that  spawled  at  30  000 
pounds,  had  an  area  of  little  more  than  9  square  inches.      The  entire 


390        CALKINS    ON   BRICK    MANUFACTURE    AND    PAVEMENT. 

surface  contact  of  the  wheels  of  a  loaded  wagon  would  not  exceed  6 
square  inches,  and  the  weight  would  be  distributed  over  four  different 
bricks  ;  hence  the  test  for  crushing  strength  appears  to  be  worthless,  or 
useful  only  for  comparing  the  quality  of  the  bricks. 

As  the  cohesive  properties  of  a  paver  are  the  first  to  demand  atten- 
tion, tests  should  be  made  for  tensile  strength.  The  maximum  loss  in 
paving  material  doubtless  comes  from  abrasion,  due  to  contact  of  horses' 
feet  and  wagon  wheels  ;  therefore  tests  for  abrasion  are  of  equal  imijort- 
ance  to  tensile  strain.  A  test  for  absorption  made  by  Mr.  Patton,  of  the 
University  of  Wisconsin,  indicates  the  following  average  result :  Thirty 
bricks  were  selected  for  testing,  obtained  from  six  different  makers. 
The  bricks  were  not  subjected  to  any  drying  operation  before  testing, 
but  were  ke^it  in  a  warm  room  for  several  days  previous  to  testing.  The 
bricks  were  first  weighed  and  then  laid  in  a  tank  of  water,  the  weight 
being  taken  at  intervals  of  one  hour,  one  day  and  one  week.  The  fol- 
lowing average  results  wei'e  obtained  :  Absorption  of  water  in  one  hour, 
0.1016i3er  cent.;  one  day,  0.3  per  cent.;  one  week,  0.5177  per  cent.  Con- 
dition of  surface  not  given.  An  approximate  test  for  absorption  can 
quickly  be  made  by  setting  a  brick  endwise,  one-half  its  length  in  water, 
and  capillary  attraction  will  indicate  porosity.  Tests  for  tensile  strain, 
abrasion  and  absorption  apjoear  to  be  of  equal  value,  but  an  acid  test 
should  not  be  neglected. 

The  specifications  will  necessarily  be  controlled  to  a  great  extent  by 
the  method  of  laying.  The  quality  of  brick  should  be  clearly  defined, 
in  a  manner  which  will  enable  the  bidder  to  correctly  interpret  its 
meaning.  A  common  clause  in  specifications  is,  "  the  bricks  must  be  of 
the  best  quality  of  hard  burned  brick."  A  Iiard  burned  brick  in  one 
locality  may  be  known  as  soft  in  another,  therefore  this  is  misleading, 
as  it  does  not  clearly  specify  quality.  The  following  is  a  preferable 
form,  the  writer  unknown : 

"The  paving  brick  shall  consist  of  the  best  quality  of  sound,  hard 
burned  paving  brick,  made  and  burned  specially  for  street  paving  pur- 
poses; and  should  stand  all  reasonable  tests  as  to  durability  and  fitness 
to  which  paving  material  is  xisually  subjected.  All  bricks  shall  be 
square  edged  and  straight,  free  from  cracks  and  other  defects,  of  a  uni- 
form size  and  of  a  quality  to  be  ajjproved  by  the  engineer. 

"  Three  or  more  bricks  of  the  quality  proposed  to  be  used  in  the  pave- 
ment shall  be  furnished  with  each  proposal,  the  bricks  to  be  labeled 
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•with  both  the  bidder's  aud  maker's  name  and  address,  and  to  be  deposited 
in  the  office  of  the  Board  of  Public  Works." 

A  svifficient  number  of  laboratory  tests  have  not  been  made  to  establish 
a  standard  for  quality,  but  the  writer  would  suggest  the  following: 

First  Quality. — The  modulus  of  rupture  in  compression  to  be  1  700 
pounds  jjer  square  inch;  absorption  to  be  1.6  per  cent.;  abrasion  under 
test  to  be  equal  to  granite. 

Second  Quality. — Modulus  of  rupture  to  be  1  500  pounds  persquare 
inch ;  absorption,  5  per  cent. ;  abrasion  not  to  exceed  twice  that  of  granite. 

All  brick  with  a  variation  of  more  than  15  per  cent,  below  these 
requirements  to  be  rejected. 

An  incident  occurred  at  the  Galesburg  Pressed  Brick  and  Tile  Com- 
pany yard  which  will  show  the  strength  of  paving  brick.  A  side  track 
of  the  Atchison  Kailroad  enters  this  yard,  and  several  cars  standing 
thereon  were  loaded  with  brick.  The  weight  of  each  car  was  32  000 
pounds,  and  the  load  of  bricks  40  000  pounds  more,  making  a  total 
weight  of  72  000  pounds  for  each  car.  Half  a  brick  was  lying  on  toj? 
of  one  rail  as  the  cars  started  on  a  down  grade.  Two  trucks  of  the  first 
car  passed  over  the  brick  safely,  but  as  the  second  car  had  obtained  greater 
momentum,  the  first  pair  of  trucks  of  the  second  car  crushed  it. 

Methods  of  Laying. — The  tabulated  statement  showing  the  detail 
of  methods  for  laying  brick  pavements  includes  all  data  the  writer  has 
been  able  to  obtain  as  reliable.  After  excavation  has  been  made  for  a 
pavement  the  ground  is  generally  made  compact  with  rollers  weighing 
about  2  tons,  but  at  Decatur  the  weight  of  roller  is  given  at  6  tons.  A 
foimdation  course  of  sand  or  broken  stone  is  sj^read  and  compressed 
by  passing  the  roller  over  it  three  times,  when  the  material  is  made  as  wet 
as  possible  without  licking  uj)  in  rolling,  and  then  rolled  until  it  is 
thoroughly  compressed.  The  exact  form  and  crown  of  the  finished  sur- 
face of  the  pavement  is  obtained  by  means  of  templates  for  testing  the 
convexity  of  the  surface  when  grading,  and  previous  to  laying  the  first 
course  of  brick.  On  this  foundation  surface  a  layer  of  brick  is  laid 
flatwise,  with  the  longest  dimension  longitudinal  with  the  roadway. 
On  the  surface  of  this  layer  sufficient  sand  is  applied  to  thoroughly 
fill  all  joints;  then  it  is  rammed  or  rolled.  After  rolling,  one  to  two 
inches  of  sand  is  spread  to  provide  a  cushion  for  the  finishing  layer.  On 
this  cushion  a  layer  of  brick  is  set  on  edge,  with  the  longest  dimen- 
sion   across  the    roadway,  which  layer  is   either  rolled   or  rammed. 
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After  rolling  is  completed,  any  broken  bricks  found  are  removed  and 
replaced  with  whole  ones.  This  is  done  also  in  the  first  layer.  In  some 
localities  in  Ohio  a  foundation  is  j^referred  composed  of  8  to  15  inches 
of  broken  stone,  made  compact  with  rollers  weighing  from  12  to  16  tons, 
and  upon  this  is  spread  3  inches  of  sand  to  act  as  a  cushion. 

At  Nashville,  Tenn.,  pavements  are  constructed  by  first  spreading  a 
layer  of  broken  stone  on  which  about  2  inches  of  sand  or  gravel  is 
spread.  Upon  this  sand  is  laid  the  wearing  surface  of  bricks  on  edge, 
only  one  course  of  bricks  being  laid.  The  bricks  are  common  ones, 
medium  in  hardness,  but  prepared  by  saturating  them  with  a  distillation 
of  coal  tar  applied  very  hot.  A  foundation  made  of  concrete  will  be 
more  rigid  than  the  methods  described,  but  will  necessarily  be  less 
elastic.  It  may,  however,  render  better  service  under  heavy  traffic.  As 
concrete  has  not  been  utilized  except  to  a  hmited  extent,  its  effect  is 
not  known  to  the  writer.  Any  pavement,  whatever  material  it  may 
consist  of,  will  be  more  stable  when  laid  on  dry  soil,  brick  being  uo 
excei^tion;  therefore  the  soil  should  be  underdrained,  if  necessary,  to 
produce  a  condition  which  will  materially  aid  in  preserving  a  uniform 
surface. 

At  Galesburg  and  Decatur  the  pa^dng  bricks  are  thrown  from  wagons 
when  delivered  on  the  line  of  a  work  the  same  as  paving  stone,  and  only 
a  few  are  broken. 

Crowns. — Gillespie,  in  his  "  Manual  of  Roads,"  advocates  a  cross- 
section  of  1  in  40  to  50,  and  Gillmore,  in  "Roads  and  Street  Pavements," 
a  section  of  1  in  40.  Both  authors  doubtless  had  in  view  a  street  i^aved 
with  stone,  which  would  i^ermit  a  crown  of  6  inches  in  a  roadway  40 
feet  wide,  and  this  is  ample  to  turn  all  storm  water  into  the  gutters.  As 
the  surface  of  a  stone  pavement  is  rough  compared  with  the  surface  of 
a  roadway  paved  with  brick,  a  crown  having  the  same  elevation  would 
be  too  great  for  the  latter.  At  Decatur,  111.,  a  crown  of  4  inches  is 
allowed  in  a  roadway  50  feet  wide,  and  3  inches  in  a  roadway  40  feet 
wide.  At  Galesburg,  the  crown  of  the  first  pavement  laid  was  one-third 
inch  jier  foot,  but  for  recent  practice  the  crown  is  reduced  to  one-fourth 
inch  per  foot,  and  the  section  is  a  flattened  segment.  The  specifica- 
tion states  that  "the  transverse  shape  of  the  finished  pavement  will  be 
a  segment  of  a  circle  so  large  that  the  center  of  the  street  shall  be  4 
inches  higher  than  the  lowest  point  in  the  gutter,  which  shall  be  1  foot 
from  the  outer  edge  of  the  pavement,  and  this  outer  edge  shall  be  one 
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inch  higher  than  the  lowest  line  of  the  gutter. "  Recent  practice,  where 
curbing  is  provided,  is  to  extend  the  section  to  the  curb  line,  omitting 
any  gutter  depression.  It  will  be  noticed  that  the  experience  of  several 
years'  traffic  develoiaed  the  fact  that  a  crown  of  6  inches  exceeded  the 
requirements  for  a  pavement  of  this  character;  it  therefore  was  reduced 
to  about  4  inches.  As  the  surface  of  a  brick  pavement  is  comparatively 
smooth  and  uniform,  without  the  projecting  points  always  present  in  a 
stone  jjavement,  the  conditions  necessitating  a  high  crown  are  not  present; 
therefore  the  writer  believes  that  the  practice  at  Decatur  is  preferable  to 
that  at  Galesburg.  It  may  be  stated  that  a  perfect  surface  in  a  pave- 
ment cannot  be  maintained  (therefore  the  crown  should  be  high  to 
insure  removal  of  storm  water),  which  is  true  if  the  pavement  has  a 
defective  foundation  and  is  imperfectly  laid  and  no  attention  given  to 
keeping  it  in  repair.  Any  pavement,  no  matter  of  what  kind,  should  have 
constant  supervision,  and  be  repaired  as  soon  as  possible  when  any 
dej)ression  appears,  and  not  left  until  it  becomes  a  nuisance.  The 
writer  did  not  notice  any  depression  in  brick  pavements  examined  either 
at  Galesburg  or  Burlington,  Iowa,  that  perceptibly  affected  the  .condi- 
tion of  the  surface.  If  material  removed  from  trenches  is  replaced  in  a 
dry  condition,  instead  of  saturated  with  water,  and  thoroughly  rammed, 
there  would  be  no  complaint  of  depression  caused  from  the  refilling  of 
trenches.  The  maintenance  millennium  for  a  street  pavement  will 
doubtless  not  arrive  until  the  average  plumber  is  only  allowed  on  a 
street,  when  traveling  at  a  speed  of  8  miles  an  hour. 

In  a  climate  where  frequent  storms  jjrevail  in  winter,  any  pavement 
is  liable  to  be  coated  with  mud  and  ice,  and  a  high  crown  would  have  a 
tendency  to  contract  the  width  of  roadway  used  on  account  of  the  slip- 
pei'y  condition  of  the  section  near  the  gutter,  and  so  concentrate  travel 
on  the  flattened  portion  adjacent  to  the  crown;  but  a  low  crown  sufficient 
to  remove  all  storm  water  Avould  permit  the  whole  width  of  a  paved 
roadway  to  be  utilized. 

Condition  of  Pavements. — A  brick  pavement  will  present  a  smooth 
surface  over  which  heavy  loads  can  be  drawn  without  a  jolt,  consequently 
the  wear  of  rolling  stock  will  be  diminished,  and  horses  be  able  to  draw 
from  one-fourth  to  one-third  larger  loads  than  over  a  stone  pavement. 
Brick  pavements  are  easily  and  quickly  repaired.  If  a  soft  brick  is 
found,  it  can  be  easily  replaced.  They  are  less  expensive  than  stone, 
when  durability,  wear  and  tear  of  teams  and  vehicles,  as  well  as  comfort, 
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are  taken  into  account.  They  are  as  noiseless  as  a  wood  ijavement,  and 
furnish  a  sure  foothold  for  horses.  The  writer  has  received  data  regarding 
this  feature  in  brick  pavement  from  numerous  sources  where  this  class 
of  pavement  has  been  in  use  for  many  years,  and  such  testimony  as  to  its 
value  is  uniform  without  a  single  exception,  and  also  that  it  does  not 
become  slippery  when  wet.  Ice  does  not  form  as  readily  as  on  a  stone 
pavement.  The  surface  of  a  good  pa\'ing  brick  will  wear  smooth,  but 
does  not  become  slippery.  The  writer  examined  a  brick  pavement  in 
Galesburg  which  had  been  in  use  on  a  main  thoroughfare  for  fouj  years, 
subject  to  heavy  traffic,  and  it  remained  in  first-class  condition.  The 
surface  of  the  brick  was  worn  smooth,  yet  there  was  no  slipping  noticed 
during  a  visit  covering  a  period  of  two  weeks.  The  corners  were  slightly 
chiijped,  but  not  to  an  extent  to  affect  the  pavement.  The  annexed  state- 
ment of  Prof.  Churchill,  the  City  Engineer,  relative  to  its  condition  is 
fully  confirmed. 

Mr.  William  Steyh,  City  Engineer  of  Burlington,  la.,  states  that  if 
"tamping  is  done  carefully  with  a  rammer  weighing  75  to  100  pounds, 
brought  in  contact  with  a  plank  2  inches  thick,  8  inches  wide,  and  the 
blows  repeated  until  the  rammer  rebounds,  it  gives  a  satisfactory  result, 
and  the  bricks  will  remain  in  a  vertical  position,  and  present  an  even 
surface  ;  while,  if  rolled,  they  have  a  tendency  to  lean  in  the  direction  in 
which  the  roller  is  moving,  especially  if  the  weight  of  roller  exceeds  5 
tons  in  a  width  of  4  feet."  If  a  heavy  roller  has  a  tendency  to  incline 
bricks  from  a  vertical  position,  a  roller  weighing  only  2  or  3  tons  may  be 
preferable.  Heavy  grades  prevail  in  Burlington,  therefore  this  inclina- 
tion may  be  practically  due  to  steej)  gradients.  He  recommends  that 
when  grades  exceed  6  feet  in  a  hundred,  a  groove  three-fourths  of  an 
inch  in  width  and  about  1  inch  deep  be  made  in  the  bricks,  to  furnish 
better  foothold  for  horses. 

As  the  bricks  com^josing  the  lower  course,  laid  flat,  do  not  require  to 
be  as  good  in  quality  as  the  upper  or  wearing  surface,  a  better  selection 
for  both  can  be  made  by  permitting  some  rejected  brick  to  be  used  in 
the  lower  course  when  suitable. 

When  pavers  are  the  size  of  common  brick,  the  thickness  being  nar- 
row and  uniform  tends  to  increase  the  smoothness.  The  joints  "between 
the  bricks  being  one-eighth  to  one-half  an  inch,  the  latter  the  maximum, 
little  chipping  occurs,  and  when  it  does  the  depth  is  too  slight  to  per- 
ceptibly roughen  the  surface,  hence  heavy  and  long  continued  traffic 
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does  not  i^roduce  a  rounded  surface  to  each  brick  as  is  often  seen  in  a 
stone  block  iiavement.  The  bricks  are  laid  as  close  together  as  possible, 
therefore  it  is  necessary  to  use  fine  sand  to  brush  into  the  joints. 

Mr.  E.  E.  Chatten,  City  Engineer  of  Quincy,  HI.,  states:  "  I  have  but 
one  oi^inion,  and  that  is  that  when  properly  constructed  with  burned 
brick,  or  proper  materials,  it  will  prove  the  coming  pavement  for  the 
West,  and  equal  to  anything  but  granite  for  heavy  hauling."  Mr.  A.  H. 
Bell,  City  Engineer  of  Bloomington,  111.,  writes:  "I  am  very  much  in 
favor  of  brick  as  a  leaving  material  when  the  proper  class  of  brick  can  be 
obtained  at  reasonable  rates  and  the  work  is  well  executed.  Brick  pave- 
ments are  giving  entire  satisfaction  in  our  city,  and  we  are  using  nothing 
else.  It  stands  the  heavy  traffic  of  our  city  of  25  000  population  very 
well  when  the  bricks  are  well  selected,  and  better  than  Joliet  limestone 
or  wooden  blocks,  which  are  in  use  on  some  of  our  streets." 

The  economic  problem  to  be  solved  in  a  jaavement  should  include 
maintenance  as  well  as  construction,  and  maintenance  is  controlled  by 
the  amount  of  traffic;  hence  the  latter  is  an  important  element  to  be  con- 
sidered in  determining  the  economic  value  of  a  pavement. 

In  addition  to  the  gentlemen  whose  names  are  given  in  this  paper, 
the  writer  would  express  his  obligation  to  the  following:  Prof.  R,  T. 
Whitfield,  Curator  of  Geology,  American  Museum  of  Natural  History, 
New  York;  T.  S.  Randall  &  Co.,  Indianapolis,  Ind. ;  Galesburg  Pressed 
Brick  and  Tile  Co.;  J.  P.  Hale,  Charleston,  W.  Va.;  E.,R.  Chatten,  City 
Engineer,  Quincy,  111.;  A.  H.  Bell,  City  Engineer,  Bloomington,  111.; 
Prof.  George  Churchill,  City  Engineer,  Galesburg,  HI. ;  William  Steyh, 
City  Engineer,  Burlington,  la. 


APPEN13IX. 

Galesburg,  111., 

September,  1888. 
F.  A.  Calkins. 

DsAii  Sir, — Our  first  piece  of  brick  pavement  was  put  in  about  four 
years  ago.  It  was  very  near  our  railroad  depot  and  a  lai'ge  lumber-yard, 
over  which  the  heaviest  traffic  passes  constantly.  The  wear  is  very  slight, 
hardly  more  noticeable  to-day  than  when  it  had  been  down  only  six 
months.  There  are,  unfortunately,  some  depressions  in  the  pavement 
caused  by  a  deficiency  in  making  a  good  foundation.  I  have  this 
summer  taken  out  bricks  from  the  center  of  the  street  to  find  how  much  ■ 
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wear  could  be  seen,  and  have  found  the  bricks  of  full  width,  with  the  single 
excei^tion  of  worn  or  chipped  comers,  and  this  only  to  a  limited  extent. 
One  may  walk  for  rods  over  this  pavement  and  find  scai'cely  a  broken 
brick,  and  usually  that  one  would  show  from  its  light  color  that  it 
should  not  have  been  placed  there. 

We  have  quite  a  long  section  laid  three  years  ago,  which  is  to-day  in 
as  good  condition  as  the  day  it  was  finished,  only  that  in  the  center, 
where  horses  travel  most,  there  is  a  slight  chipping  of  the  corners,  which 
hardly  ever  is  so  great  as  to  reach  the  middle  line  of  the  brick  surface. 
It  is  a  question  whether  this  chipping  of  the  corners  is  not  a  good  thing, 
in  that  it  may  afford  a  better  hold  for  horses'  feet. 

Our  soil  is  a  soft  prairie  loam  some  2  feet  deep,  lying  upon  a  porous- 
yellow  clay.  It  is  absolutely  essential  that  the  roadbed  be  made  solid 
and  free  from  any  soft  j^laces  occasioned  by  excavations  new  or  old,  and 
when  the  grading  has  brought  the  bed  to  the  exact  contour  of  what  the 
pavement  is  to  be  when  finished,  it  should  be  rolled  repeatedly  with  a. 
heavy  roller.  When  the  roadbed  has  been  thus  i)repared,  we  spread  a 
layer  of  good  sand  over  the  entire  surface  from  curb  to  curb  to  the 
thickness  of  3  inches,  and  in  my  opinion  the  sand  should  not  be  dry, 
but  should  be  moist  enough  not  to  run;  upon  this  sand  layer  a  pavement 
of  bricks  on  their  largest  surface  and  their  lengths  longitudinal  with  the 
street  is  laid,  and  then  the  jjavement  is  rolled  with  a  roller  heavy 
enough  to  settle  the  bricks  thoroughly  into  the  sand  beneath  them. 
This  lower  layer  of  bricks  ought  to  be  about  as  good  as  the  surface 
bricks,  though  many  allow  a  grade  slightly  inferior  to  be  used.  The 
surface  bricks  are  laid  upon  their  edges,  their  length  transversely  of  the 
street;  they  should  be  laid  as  compactly  as  possible,  care  being  taken  to 
break  joints  and  to  keep  the  courses  in  nearly  a  true  line  across  the  street. 
Our  bricks  are  not  perfect  enough  in  shape  to  prevent  a  sufficiency  of 
sand  from  entering  the  crevices  to  make  a  solid  bed.  The  pavement 
thus  formed  is  again  rolled,  and  then  dressed  with  a  layer  of  dry  sharp 
sand,  which  is  worked  into  any  and  all  ci-e vices  by  sweei^ing. 

We  have  used  the  ordinary  yellow  clay  for  bricks,  and  when  these 
have  been  well  made  and  properly  burned  they  seem  to  do  well,  but 
they  are  not  equal  to  the  bricks  made  from  a  clay  we  have  which  looks 
when  in  its  natural  bed  like  layers  of  stone.  We  demand  that  the  bricks 
be  burned  to  the  jDoint  of  vitrifaction,  but  jirefer  that  they  shall  not  be 
much  vitrified.  Our  bricks  when  thus  burned,  when  broken  into  small 
pieces  are  so  hard  that  they  will  scratch  glass  about  as  a  diamond  will. 
So  you  will  see  that  we  have  a  superior  clay  for  bricks.  These  bricks 
are  very  compact  and  heavy  and  take  almost  no  water,  and  so  when  wet 
from  rain  are  not  more  slippery  than  other  pavements. 

We  have  no  stone  i>avemeuts  with  which  to  compare  the  brick,  but 
we  have  some  stone  crossings,  and  I  have  never  heard  any  objection  to 
the  brick  pavement  from  its  slipperiness  when  wetted  by  rain  or  when 
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frozen  in  winter.  We  occasionally  have  sleet  storms  here  when  every- 
thing is  slippery,  but  I  have  never  noticed  that  the  lirick  pavement 
differs  from  other  surfaces  under  similar  conditions.  The  street  in  front 
of  my  house  has  been  paved  three  years,  and  I  have  never  noticed  any 
difficulty  from  the  surface  becoming  icy  so  as  to  interfere  with  traffic, 
and  the  travel  is  as  heavy  and  constant  as  upon  any  street  in  the  city — a 
place  of  about  15  000  inhabitants. 

We  have  had  no  occasion  as  yet  to  make  repairs,  except  when,  after  a 
time,  a  de23ression  in  the  pavement  shows  that  some  old  ditch  or  trench 
for  water  pipe,  gas  pipe  or  sewer  had  not  been  well  tamped;  such  a  de- 
pression is  very  easily  reiiaired.  From  present  appearance  our  brick 
pavements  will  not  need  repairs  for  a  dozen  years,  if  for  a  score  of  years. 
Still,  our  traffic  is  not  to  be  compared  with  that  of  large  cities,  where 
trucks  and  di'ays  are  loaded  with  many  tons. 

Our  curbing  is  made  in  several  ways;  sometimes  ordinary  stone  curb, 
sometimes  a  strip  of  scantling  to  retain  the  bricks  in  place  until  the  dirt 
has  been  thoroughly  solidified  at  the  pavement  edge,  sometimes  by 
bricks  12x4x5  inches,  laid  so  as  to  form  a  gutter,  with  the  blocks 
sloping  from  the  edge  of  the  gutter  up  to  the  grass  area  and  to  the 
ordinary  brick  pavement.  This  is  for  residence  property  only,  where 
grass  areas  are  made  between  the  street  roadway  and  the  sidewalk. 

I  think  I  may  safely  say  that  our  business  men  unanimously  agree 
that  for  all  our  Western  cities,  where  stone  and  cedar  blocks  are  not 
abundant,  the  brick  pavement  is  the  thing;  and  I  may  say  further  that 
the  opinion  is  almost  unanimous,  that  if  stone  and  cedar  blocks  were 
abundant,  the  brick  pavement  would  still  be  the  thing,  because  of  its 
merits  when  compared  with  other  materials. 

Yours  truly, 

Geo.  Churchill, 

City  Engineer. 


F.  A.  Calkins,  C.  E., 

Ogden,  Utah. 

Dear  Sir, — From  my  present  experience  with  brick  pavements,  I 
would  lay  down  the  following  rules  for  the  construction  of  the  same: 
In  the  first  place,  the  clay  of  which  the  bricks  are  made  should  be  com- 
pact and  solid,  having  enough  iron  in  it  to  make  the  bricks  tough  in 
addition  to  being  hard.  The  clay  should  be  pulverized  to  a  fine  powder, 
so.that  it  will  make  a  homogeneous  mass  when  being  moulded  into  bricks. 
I  do  not^think  that  pure  fire  clay  is  a  good  material  for  paving  brick,  as 
it  does  not  fuse  or  melt  readily,  and  for  this  reason  does  not  become  homo- 
geneous, which  is  the  main  i^oint  of  a  suitable  paving  brick.  Having 
secured  a  first-class  brick,  we  will  now  consider  the  different  methods  of 
constructing  the  pavements.  According  to  various  published  reports, 
Charleston,  W.  Ya.,  was  the  first  or  one  among  the  first  cities  in  this 
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country  to  exijeriment  Avith  brick  pavements.  This  pavement  was  laid 
under  the  following  si>ecifications:  After  grading  the  street  to  the 
projier  contour,  about  3  inches  of  sand  was  spread  over  the  surface,  on 
wliich  were  laid  inch  boards  lengthwise  with  the  street,  which  again  were 
covered  with  about  1  inch  of  sand,  after  which  the  l)ricks  were  laid  her- 
ringbone fashion.  This  method  has  some  good  points,  but  also  serious 
objections.  Its  good  points  are  an  even  and  fairly  solid  foundation,  not 
too  rigid,  but  elastic  enough  to  make  it  pleasant  to  ride  or  drive  over.  Its 
objections  are  the  jierishable  nature  of  the  boards,  and  the  inconvenience 
and  greater  expense  of  digging  up  the  street  for  necessary  water,  gas, 
steam  heating  and  sewer  repairs.  It  also  involves  a  greater  expense  in 
laying  the  bricks,  requiring  better  skill  and  more  time  than  if  laid  at 
right  angles  with  the  street.  To  use  a  concrete  foundation  adds  to  the 
expense  and  is  open  to  the  same  objection  as  the  board  foundation;  as 
regards  the  necessary  repairs  of  the  underground  systems,  therefore,  I 
should  not  adopt  this  method  unless  there  was  no  other  way  of  securing 
an  unyielding  foundation. 

As  far  as  I  am  able  to  judge  at  the  present  time,  the  specifications 
used  in  western  Illinois  and  Iowa  have  advantages  over  those  just 
described.  In  the  first  place,  the  use  of  the  lower  course  of  brick 
instead  of  boards  insures  a  better  quality  of  bricks  for  the  top  course. 
Experience  teaches  lis,  that  no  matter  how  carefully  the  bricks  are 
selected  in  the  yards,  before  delivery  to  the  work  there  is  always  a  large 
percentage  of  the  selected  bricks  which  have  to  be  rejected  as  top  brick, 
but  can  be  used  to  advantage  as  a  bottom  or  lower  course  brick.  If  these 
bricks  could  not  be  used  in  this  way,  there  would  be  a  strong  desire  on 
the  part  of  the  contractor  to  put  them  in,  when  not  too  closely  watched; 
but  aside  from  this,  the  lower  course  of  bricks  is  far  superior  to  the 
boards,  as  the  bricks  do  not  decay,  while  the  boards  in  the  course  of  time 
will.  When  compelled  to  dig  into  the  street  for  repairs  of  the  under- 
ground systems,  you  do  not  have  to  take  up  a  whole  square  equal  to  the 
length  of  the  boards,  but  only  a  trench  large  enough  to  work  in,  and 
should  the  earth  in  the  trench  settle  afterward,  all  that  is  required  is  to 
remove  the  brick,  refill  with  sand  and  replace  the  jDavement  ;  this  can 
be  done  in  a  very  short  time  at  a  small  expense,  which  should  be  borne  by 
the  party  who  caused  the  digging  up  of  the  street.  In  1888,  when  Jef- 
ferson street,  in  this  city,  was  paved,  the  Water  Company  put  in  lead 
pipe  connections  at  every  20  feet;  they  put  all  the  earth  back  in  the 
trenches,  rammed  them  as  well  as  this  class  of  work  is  generally  done; 
but  nevertheless  about  half  of  the  trenches  sunk  down  during  the  follow- 
ing winter  and  sjiring  and  had  to  be  raised.  This  was  done  by  the  Water 
Company  and  paving  contractor  jointly,  the  exj^ense  amounting  to  about 
fifty  cents  per  trench  for  both  sand  and  labor,  since  which  time  the  street 
has  shown  no  more  sinks.  In  some  cities,  notably  Nashville,  Tenn.,  they 
have  been  creosoting  the  brick  before  putting  them  in  the  pavement,  to 
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make  them  impervious  to  water.  This  would  i^erliaps  be  well  enough, 
If  a  paving  brick  had  to  contend  with  water  only  and  not  with  traffic. 
If  a  brick  will  absorb  an  appreciable  amount  of  fluid  it  is  not  fit  for  pav- 
ing purposes,  hence  the  expense  of  making  a  soft  or  porous  brick  suit- 
able for  paving  purposes  will  prove  a  bad  investment.  As  to  filling  the 
joints  with  pitch  or  leaving  cement,  to  make  the  pavement  water  tight, 
it  is  a  very  good  feature;  but  I  doubt  whether  the  advantage  sought  for, 
•equals  the  extra  expense  of  the  first  as  well  as  subsequent  costs  iu  taking 
up  and  relaying  the  laavement,  where  necessary  repairs  on  the  under- 
ground system  have  to  be  made.  The  joints  on  a  brick  pavement  are  so 
small  that  it  takes  rather  fine  sand  to  run  into  them,  and  after  being 
thoroughly  filled  with  sand,  very  little  moisture  will  find  its  way  to  the 
founilation.  You  can  take  up  a  section  of  the  pavement  after  it  has 
been  down  about  six  months,  and  examine  the  soil  under  the  founda- 
tion, and  you  will  find  the  same  jierfectly  dry  even  at  places  that  have 
been  soft  and  muddy  before  the  pavement  was  put  down.  The  advan- 
tages of  brick  pavements  over  all  others  are,  cleanliness,  moderate  first 
cost,  easy  and  cheap  repairs,  healthfulness,  comfort  and  durability, 
always  provided  jou  have  the  proper  material.  There  are  lots  of  brick 
pavements  laid  now  which  will  not  last  very  long  on  account  of  using  an 
inferior  article.  Yours  truly, 

WiiiLiAM  Steyh,  C.  E. 


DISCUSSION. 


Calvin  Tomkins,  Assoc.  Am.  Soc,  C.  E. — Some  time  ago  I  read  a 
paper  before  the  Society  upon  this  subject,  treating  especially  of  the 
methods  pursued  in  the  manufacture  of  brick  in  the  vicinity  of  New 
York  City.  The  paper  to-night  describes  methods  pursued  in  the 
western  part  of  the  country  with  much  success.  Regarding  the  relative 
merits  of  both  methods  I  would  say  that  those  described  by  Mr.  Cal- 
kius  require  more  capital  and  also  greater  intelligence  to  operate  satis- 
factorily. Frequent  attempts  have  been  made  about  New  York  City  to 
manufacture  brick  as  described,  but  with  indifferent  success.  In  the 
more  primitive  process  as  conducted  about  New  York  City,  the  clay  and 
sand  are  shoveled  in  approximately  correct  proportions  directly  into  the 
brick  machine,  where  they  are  subjected  to  pugging,  and  are  then 
pressed  into  individual  moulds  from  which  they  are  dumped  on  the  sur- 
face of  the  yai'd  and  exposed  to  the  drying  action  of  the  sun  and  wind. 
"VVben  sufficiently  stiff  to  allow  handling  the  brick  are  hacked  up  in 
rows,  and  after  remaining  iu  this  condition  for  a  few  days  are  set  in  the 
kiln  to  be  burnt,  the  kiln  itself  being  built  up  with  the  bricks  that  are 
to  be  burnt,  and  plastered  on  the  outside  with  clay.  Regarding  the 
drying  of  brick  artificially,  it  is  my  opinion  that  in  this  locality  not  much 
could  be  saved  by  adopting  that  process,  as  the  loss  due  to  storms  and 
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interruption  of  labor  amounts  to  less  than  the  increased  expenditure  for 
plant,  attendance  and  fuel  under  the  method  described  by  Mr.  Calkins. 

Regarding  the  tests  which  Mr.  Calkins  suggests  could  be  applied 
to  bricks  for  paving  i^urposes,  I  would  say  that  I  hardly  think  that  we 
have  as  yet  arrived  at  a  point  in  this  new  use  of  brick  to  warrant  us  in 
placing  much  dependence  upon  any  tests  other  than  those  resulting  from 
actual  use.  The  very  different  wearing  propei-ties  of  bricks,  which  in 
all  respects  appear  much  the  same  in  quality,  would  indicate  to  my  mind 
that  the  only  safe  test  at  present  is  the  test  of  experience.  Later  on,  I 
think,  we  may  be  in  possession  of  more  data  and  a  wider  knowledge  on 
which  to  base  practical  tests  for  this  use  of  brick. 

S.  Whinery,  M.  Am.  Soc.  C.  E. — A  great  deal  has  been  said  and 
written  in  the  last  few  years  on  the  subject  of  brick  paving  for  streets. 
And  yet  it  is  a  subject  about  which  there  is  very  little  information  of  a 
reliable  character  from  the  standpoint  of  the  Engineer.  Many  of  the 
writers  on  the  subject  seem  to  have  been  actuated  by  enthusiasm  and  a 
brilliant  imagination  rather  than  by  the  cool  teachings  of  exjierience.  Even 
the  writer  of  this  jjajjer  is  not  free  from  the  extravagant  statements  that 
have  been  so  plentifully  showered  upon  the  public;  as  witness  his  asser- 
tion, that  "  All  other  conditions  being  equal,  brick  will  outlast  all  other 
paving  material,  and  is  preferable  from  either  an  economic,  mechanical 
or  hygienic  standpoint."  On  the  other  hand,  some  of  the  writers  who 
have  decried  brick  as  a  paving  material,  have  not  adhered  closely  to  the 
facts,  or  have  based  their  arguments  on  the  failure  of  the  earlier  pave- 
ments consti'ucted  with  hard  burned  common  brick,  overlooking  the 
fact  that  the  vitrified  paving  brick  of  to-day  is  as  diflferent  from  its  pre- 
decessor, as  granite  is  from  soft  limestone. 

The  one  thing  most  needed  in  order  to  discuss  brick  pavements  fairly 
and  intelligently,  is  a  I'espectable  array  of  facts  gathered  from  experi- 
ence and  scientific  observation.  But  as  the  modern  vitrified  brick  pave- 
ment has  only  been  in  existence  for  a  few  years,  there  has  not  been  time 
for  the  necessary  facts  to  be  ascertained  and  accumulated.  It  may, 
therefore,  be  truly  said  that  these  pavements  are,  at  the  present  time, 
in  the  condition  of  interesting  and  promising  experiments.  It  has  been 
sufiiciently  proven  that  the  use  of  hard  burned  common  brick,  as  a 
material  for  street  pavements  on  streets  having  any  considerable  amount 
of  travel,  will  result  in  failure,  and  we  can  safely  exclude  them  from 
further  consideration.  The  vitrified  or  semi-vitrified  brick  made  from 
selected  clay  of  a  peculiar  quality,  carefully  prepared  and  burned,  is  an 
entirely  ditferent  thing,  having  little  in  common  with  the  ordinary  brick 
except  in  name.  Considerable  areas  of  pavement  made  from  these 
vitrified  bricks  have  been  laid  in  many  cities  of  the  smaller  class,  or  on 
suburban  streets  around  the  larger  cities,  but  they  have  not  been  in  use 
long  enough  to  demonstrate  their  measure  of  durability,  even  under  the 
comparatively  light  travel  to  which  they  have  been  subjected.  A  num- 
ber of   such  pavements  have  already  failed,  but   fairness  requires  the 
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statement  that  in  some  cases,  at  least,  the  failure  -was  due  to  faulty  con- 
struction rather  than  to  the  inability  of  the  brick  to  sustain  the  travel 
to  which  it  was  subjected. 

In  judging  of  the  relative  durability  of  diflferent  pavements,  it  must 
be  kept  in  mind  that  the  durability  of  any  jiavement,  the  material  of 
which  is  not  subject  to  natural  decay,  is  measured  by  the  amount  of 
travel  it  will  carry  before  it  is  worn  out.  In  other  words,  it  is  a  question 
of  tons  and  not  of  years.  The  statement  that  a  brick  pavement  has 
been  in  use  for  a  given  number  of  years  on  a  back  street  in  a  small  city, 
and  is  still  in  good  condition,  is,  therefore,  no  evidence  of  the  practical 
durability  of  the  j^avement.  It  is  very  unfortunate  that  we  have  so 
little  data  relating  to  the  tonnage  of  city  streets.  Caj^tain  Green  did 
some  valuable  work  in  this  direction,  the  results  of  which  were  pub- 
lished in  a  paper  read  before  the  Society  some  years  since.  The  com- 
pany with  which  the  writer  is  connected  has  for  some  years  past  given 
a  good  deal  of  attention  to  this  subject,  and  has  had  taken  censuses  of 
travel  on  a  large  number  of  streets  jaaved  with  various  kinds  of  material, 
in  diflferent  cities.  It  is  hoped  in  this  way  to  determine  the  average  life 
of  the  various  kinds  of  street  pavement,  measured  in  tons  of  travel  per 
square  foot  of  surface.  Until  some  such  standard  is  adojited,  we  cannot 
arrive  at  just  conclusions  as  to  the  relative  durability  of  the  various 
kinds  of  pavement  in  use,  and  must  espect  the  confusion  of  evidence 
that  now  exists  on  the  subject. 

In  reference  to  the  endurance  of  brick  pavements  under  travel,  we 
have  a  large  amount  of  fragmentary  and  conflicting  testimony,  most  of 
which  is  entirely  withoiit  value,  because  no  reliable  standard  of  com- 
parison with  other  pavements  has  been  adopted.  It  is  not,  perhaps, 
unnatural  that  the  citizens  and  officials  of  cities  having  populations  of 
from  10  000  to  30  000,  should  speak  of  the  travel  on  their  principal  streets 
as  excessively  heavy;  or  that  they  should  believe  that  any  pavement  that 
has  stood  up  under  such  travel  for  a  few  years,  has  fairly  earned  its  title 
to  great  durability.  The  reputation  for  durability  of  brick  pavements 
rests  largely  on  experience  derived  from  its  use  on  streets  of  the  character 
named  above,  as  the  following  table  will  show.  It  embraces  some  of  the 
best  known  brick  pavements,  about  which  much  has  been  said  and 
written,  and  is  made  from  an  actual  counting  of  the  travel  on  each  street, 
upon  the  same  basis: 


Name  of  Street. 

Kind  of  pavement. 

Tons  carried  per  square 
foot  per  day. 

Brick. 

Granite. 
Asphalt. 

Brick. 

23 

18 

39 

196 

203 

103 

65 

14 

23 
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A  glance  at  this  table  shows  how  insignificant  is  the  so-called  heavy 
travel  on  these  brick  streets,  as  compared  with  that  on  the  jirincipal 
streets  of  a  large  city,  "whex-e  the  ijavements  are  subjected  to  more  tons 
of  travel  in  one  year  than  the  brick  streets  carry  in  fromfiveto  ten  years. 
So  far  as  the  -writer  is  informed,  brick  pavement  has  not  been  tried,  ex- 
cept in  small  samjile  areas,  like  those  referred  to  below,  on  streets  having 
as  high  as  100  tons  of  travel  jjer  square  foot  per  day.  In  the  few  in- 
stances where  it  has  been  laid  in  these  small  sample  areas  on  such 
streets,  it  has  uniformly  failed.  Such  a  sami)lewas  constructed  on  Pearl 
street,  between  Eace  and  Elm,  in  1885.  The  best  West  Virginia  paving 
brick  was  used,  and  they  were  laid  on  a  broken  stone  and  gravel  founda- 
tion 10  inches  in  depth.  As  it  was  put  down  as  a  sample  by  the  con- 
tractor, upon  condition  that  if  it  did  not  prove  durable  it  was  not  to  be 
paid  for,  it  is  to  be  presumed  that  both  the  material  and  workmanship 
were  of  the  best.  Under  the  moderately  heavy  travel  to  which  the  street 
is  subjected,  the  j^avement  failed  in  less  than  two  years,  and  was  replaced 
by  granite.  In  1886,  the  intersection  of  Washington  and  Dearborn 
streets,  Chicago,  was  paved  with  "  Hayden  blocks,"  put  down  as  a  sam- 
ple to  prove  their  rapacity  to  endure  heavy  travel.  In  about  two  years 
it  was  entirely  worn  out,  and  was  taken  up  and  replaced  by  other  mate- 
rial. It  is  i^roper  to  say  that  the  Hayden  block  is  believed  to  have  no 
su])erior  among  the  many  kinds  of  vitrified  paving  brick  now  upon  the 
market.  In  1887  a  sample  of  brick  pavement  was  laid  on  Winter  street, 
in  Boston,  Mass.  In  less  than  three  years  it  became  worn  out  and  was 
removed.  Other  facts  of  the  same  character  might  be  given,  but  it 
seems  unnecessary  to  extend  the  list. 

When  a  brick  i^avement  shall  have  endured  for  five  years  on  a  street 
having  an  average  travel  of  200  tons  per  square  foot  per  day,  there  will 
be  some  justification  for  the  oft  repeated  claim  that  brick  pavements  are 
as  durable  as  are  those  of  granite  or  sheet  asphalt.  At  present  there  is 
no  substantial  basis  for  such  a  claim.  A  paragraph  in  Mr.  Calkins'  paper 
illustrates  admirably  the  character  of  much  of  the  literature  of  the  sub- 
ject of  brick  jsavements.  He  states  that,  "At  Nashville,  Tenn.,  pave- 
ments are  constructed  by  first  sjareading  a  layer  of  broken  stone  on 
which  about  2  inches  of  sand  or  gravel  is  spread.  Upon  this  sand  is  laid 
the  wearing  surface  of  brick  on  edge,  only  one  course  of  brick  being  laid. 
The  bricks  are  common  ones,  medium  in  hardness,  but  prepared  by  satu- 
rating them  with  a  distillation  of  coal  tar  applied  very  hot."  From  this 
the  reader  would  fairly  infer  that  the  character  of  pavement  described 
was  a  standard  one  in  that  city,  and  presumably  used  to  a  considerable 
extent.  The  facts  are,  that  in  1885  a  pavement  of  the  character  described 
■was  laid  in  the  intersection  of  Union  and  College  streets,  and  was  thought 
to  give  promise  of  great  success.  Two  years  afterward,  two  blocks  on 
Union  street  were  paved  on  the  same  plan,  but,  as  it  soon  appeared,  in 
an  inferior  manner.     Both  pieces  of  pavement  were  quickly  worn  out  and 
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removed,  the  first  named  beiug  taken  up  in  1888,  and  the  second  in  1890; 
since  which  time  no  more  pavement  of  that  kind  has  been  laid  in  the 
city.  Yet  the  pavement  still  lives  and  is  doing  duty  in  the  literature  of 
brick  pavements.  While  it  is  preposterous,  in  the  light  of  present  ex- 
perience, to  place  brick  in  the  front  rank  of  paving  materials  as  regards 
durability  and  other  desirable  qualities,  there  can  be  no  doubt  that  a 
IJavement  made  with  the  best  quality  of  vitrified  paving  brick,  laid  in  a 
proper  manner  on  a  concrete  foundation,  with  the  joints  between  the 
bricks  properly  filled  with  pitch  or  other  water-tight  cementing  material, 
will  prove  reasonably  durable  and  satisfactory  on  streets  having  a  volume 
of  travel  not  exceeding,  say,  25  tons  per  square  foot  per  day.  It  is  to  be 
observed,  however,  that  a  brick  pavement  constructed  in  the  manner 
just  stated,  is  not  very  much  less  expensive  than  one  of  other  materials 
constructed  in  like  good  manner. 

In  regard  to  tests  for  psiv'nag  brick,  I  agree  with  the  writer  of  the 
pajser,  that  the  j^resent  methods  are  not  entirely  satisfactory.  A  street 
pavement  is  subjected  to  destructive  action  by  forces  which  combine  the 
effects  of  crushing,  abrasion  and  joercussion.  Of  these  three,  percussion 
is  undoubtedly  the  most  destructive  element.  Compared  ton  with  ton, 
the  writer  is  satisfied  that  the  destructive  effect  of  horses'  feet  on  any 
pavement  is  at  least  three  times  as  great  as  that  due  to  the  action  of  the 
wheels  of  vehicles.  If  this  be  true  it  must  be  at  once  recognized  that  a 
test  for  resistance  to  percussion  is  of  the  greatest  importance;  but  so  far 
as  the  published  tests  show,  this  element  has  been  neglected,  except  in 
so  far  as  the  usual  "  tumbling  "  test  embraces  it.  In  this  connection  it 
is  somewhat  singular  that  both  the  English  engineers  and  Captain  Green, 
in  their  censuses  of  street  travel,  excluded  the  weight  of  horses  in  com- 
puting the  tonnage  of  travel. 

T.  C.  Clabke,  M.  Am.  Soc.  0.  E. — I  am  pleased  to  hear  that  Mr. 
Whinery  confirms  my  own  idea— that  the  wear  of  brick  pavements 
comes  from  the  chipping  of  the  edges  of  the  bricks. 

The  proper  test  would  be  to  strike  such  bricks  as  the  inspector  would 
select  on  the  edges  and  corners  with  a  light  steel  hammer.  They  should 
be  able  to  bear  the  same  blow  as  a  granite  block. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — Mr.  Clarke's  proposition  for 
testing  paving  materials  by  striking  them  with  an  edged  tool,  seems  to 
me  an  admissible  one,  particularly  when  applied  to  granite,  sandstone 
and  brick,  as  it  is  nearer  the  test  given  to  those  materials  in  every  day 
wear  than  many  now  proposed.  All  blocks  laid  in  pavements  are  injured 
by  the  percussion  of  the  horses'  hoofs  and  of  the  wheels  when  falling, 
from  the  roughness  of  the  pavement,  and  by  the  grinding  of  the  heavily 
loaded  wheels.  Both  of  these  tend  to  cleave  the  blocks;  a  tendency 
greatly  increased  by  the  unnecessary  widths  of  the  joints  allowed  in  this 
country.  Mr.  Clark's  pro])Osed  test  would  enable  an  engineer  to  judge 
quickly  and  easily  of  the  cleavage  resisting  qualities  of  the  stone  or  brick 
offered.  (: 
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Mr.  Wliinery's  mode  of  keeping  accounts  of  traffic  may  not  be  quite 
as  good,  as  he  would  only  count  the  collars,  /,  e.,  the  number  of  animals 
employed  in  draft;  apparently  thinking  that  a  rapidly  moving,  lightly 
loaded  vehicle  is  as  destructive  to  a  road  surface  as  a  heavy  load  moving 
slowly.  In  the  case  of  the  Macadam  roads  this  is  undoubtedly  correct, 
as  the  springing  of  light  wheels  is  effective  in  dislodging  stones. 

The  value  of  hard  paving  brick  as  a  substitute  for  stone  has  not  been 
noticed.  In  many  instances  they  might  make  an  economical  and  efficient 
substitute  when  either  concrete  or  the  stone  of  this  country  is  too  friable 
for  the  wear  they  are  likely  to  meet.  At  the  Manchester  Ship  Canal  the 
dock  walls  were  of  concrete  for  about  25  feet,  or  to  the  water  line,  where 
a  baud  of  gi'anite  about  8  inches  deep  was  laid,  projecting  about  4  inches 
from  the  face.  From  this  fillet  the  concrete  was  faced  up  to  the  granite 
coijing  with  Staffordshire  "blue"  bricks.  From  breaking  one  of  these 
I  doubt  if  they  are  as  strong  and  tough  as  our  paving  bricks.  Mr. 
Knott,  the  manager  for  the  contractor,  told  me  they  were  abundantly 
strong  and  tough  for  the  position  they  occupied. 

S.  C.  Thompson,  M.  Am.  Soc.  C.  E. — I  have  had  considerable  ex- 
perience with  brick  in  sewer  work.  On  one  contract,  in  the  Twenty -third 
Ward,  I  was  obliged  to  condemn  large  quantities  of  brick  on  account  of 
the  impossibility  of  cutting  them  either  across  or  splitting.  The  bricks 
were  tough  and  of  good  shape  and  hardness,  but  appeared  to  have  had 
the  center  forced  from  the  machine  in  advance  of  the  sides,  so  that  when 
an  attemi)t  was  made  to  cut  them  they  would  break  like  an  inverted  U. 
These  bricks  were  made  in  New  Jersey,  and  were  of  a  sjiecial  brand. 
This  brand  was  machine  made,  and  appeared  to  have  been  made  from 
clay  that  was  not  uniformly  tempered.  Another  brand  made  by  the 
s^pae  company,  said  to  contain  25  percent,  of  sand,  did  not  exhibit  these 
peculiarities,  but  was  easily  cut  in  any  direction. 

Alfred  Fkancis  Sears,  M.  Am.  Soc.  C.  E.— This  paper  of  Mr. 
€alkins  treats  very  fully  of  the  modern  methods  of  manufacturing 
bricks,  of  the  improvement  in  their  quality  and  the  increased  diversity 
of  nses  to  which  they  are  now  applied.  He  has  touched  ])riefly  on  the 
ancient  history  of  the  brick,  which  he  finds  to  have  existed,  like  the 
•craft  of  the  smith, 

"  Since  the  birth  of  time, 
Throughout  all  ages  and  nations." 

It  seems  to  me  the  time  is  opportune,  as  well  as  the  occasion,  for 
placing  on  record  a  historical  fact  or  two  concerning  not  so  much  the 
manufacture  as  the  use  of  brick  among  a  people  whose  civilization 
was  destroyed  by  the  ruthless  conquest  of  Pizarro.  Mr.  Calkins' 
paper  mentions  Peru  as  one  of  the  countries  making  and  iising  brick 
in  ancient  times  ;  how  ancient  we  are  unable  to  say,  but  certainly 
before  the  advent  of  the  Incas,  for  we  find  among  the  ruins  of  those, 
who  recognized  the  God  Pachacamac  as  the  supreme  Deity  in  the  pre- 
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Inca  days,  large  towns  surrounded  by  walls  of  unburned  brick  of 
symmetrical  figure  and  uniform  size,  and  built  up  in  houses  of  the  same 
material.  Mr.  Squire's  last  volume  on  Peru  gives  some  interesting,  and, 
as  I  can  testify,  very  accurate  sketches  of  these  walls. 

I  propose,  however,  to  confine  what  I  have  to  say  to  the  construction 
of  an  imjjortant  historical  road  built  by  the  Incas  for  the  comfort  of 
their  journeys  from  the  mountains,  where  they  had  their  capital,  to  the 
sea-coast  near  the  mouth  of  the  Santa  River,  which  was,  I  believe,  the 
northern  border  of  their  conquests  on  the  coast,  and  was  a  favorite  place 
for  the  royal  baths  in  the  warm  seasons.  You  have  no  difficulty  iu 
tracing  this  road  in  some  jDarts  of  the  Valley  of  Samanco  and  along  the 
plains  of  Chimbote  to  the  pavilion  at  the  river.  It  has  been  described 
by  some  writers,  and  I  believe  Sqiiire  is  one  of  them,  as  a  "double 
road,"  /.  e.,  two  roads  side  by  side  of  unequal  widths,  and  both  walled 
in  by  adobes.  This,  however,  is  a  mistake,  as  several  members  of  the 
Society  can  testify.  There  are  really  three  roads  running  side  by  side, 
of  which  the  middle  one  seems  to  have  been  the  principal  and  is  nearly 
100  feet  wide,  the  edges  of  which  are  marked  by  walls  of  unburned 
(adobe)  brick,  built  to  a  height,  so  far  as  one  may  j  udge  from  the  ruins, 
of  3  or  4  feet,  and  1^  to  2  feet  thick.  This  road  was  paved  with  adobes 
of  similar  form  and  dimensions,  and  was  flanked  on  either  side  by  an 
unpaved  road  of  about  half  its  width,  which  was  also  protected  from 
the  open  pamjja  by  a  wall  similar  to  those  already  mentioned.  The 
pavement  in  the  lower  pampa  has  been  generally  worn  away,  but  up  in 
the  Samanco  Valley  I  found  considerable  sections  in  quite  perfect  condi- 
tion. This  is  accounted  for  by  the  use  made  of  the  lower  road  for  the 
modern  jiassage  of  cargo  mules,  .horses  and  donkeys,  while  up  in  the 
valley  it  seemed  essential  to  select  easier  grades  for  these  animals  than 
the  Inca  road  afi'orded,  which  has  thus  escaped  destruction.  I  suppose 
this  middle  road  to  have  been  for  the  exclusive  use  of  the  Inca's  palan- 
quin and  his  suite,  and  that  the  peons  who  carried  him  and  his  nobles 
were  barefooted  or  wore  a  simple  undressed  sandal.  The  llama  of  the 
mountains  evidently  did  not  travel  this  road.  The  flanking  roads  are 
generally  reputed  by  oral  tradition  to  have  been  used  by  the  armed  body 
guard  attending  the  Inca  monarch  in  his  journeys. 

1  wish  to  especially  invite  your  attention,  as  constructing  engineers, 
to  a  point  that  was  to  me  the  most  interesting  in  these  and  other  similar 
walls  left  by  the  Incas  and  their  predecessors,  and  that  is  the  fact,  that 
although  the  brick  were  made  of  uniform  dimensions,  being  about  18x 
10x2  inches,  and  laid  up  carefully  with  reference  to  horizontal  and  verti- 
cal lines  on  faces  and  quoins,  I  have  never  been  able  to  detect  a  system 
of  breaking  joints.  Of  course,  by  the  accidents  of  laying,  joints  were 
often  broken,  but  you  found  nothing  like  a  system  as  it  is  now  known. 
You  will  often  see  joints  running  from  the  bottom  to  the  top  of  the  wall 
and  never  an  attempt  at  a  coping.     But  after  the  wall  was  built  the  faces 
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and  toi3  were  covered  smoothly  with  a  stucco  of  niiul.  Generally  the 
courses  were  t-ontinuous  in  horizontal  lines,  and  laid  in  about  2  inches 
of  mud  or  wet  adobe.  At  the  coast  end  of  these  roads  there  are  some 
interesting  works.  First,  there  is  a  ruin  testifying  to  the  former  exist- 
ence of  a  small  town,  btiilt,  as  all  the  ancient  Peruvian  houses  were,  on 
sand  hills  or  other  eminences  too  high  to  be  reached  by  the  irrigation 
waters,  which  gave  valne  aiuoug  that  laborious  people  to  every  square 
yard  of  land  accessible  to  their  vivifying  influence.  Then,  on  a  lofty 
hill  close  at  hand,  the  topmost  ijeak  is  covered  by  an  elaborate  fortifica- 
tion of  dry  wall  in  stone  and  adobe  ;  and  third,  more  interesting  than 
all,  is  the  ruin  of  what  was  evidently  a  pavilion,  and  contains  the  only 
remains  of  round  columns  I  have  ever  seen  or  read  or  heard  of  in  Peru. 

It  is  a  remarkable  fact  that  all  their  columns  were  either  pilasters  to 
buttress  walls,  or  if  detached  were  of  rectangular  section.  But  here  is 
an  adobe  j^latform  nearly  or  quite  200  feet  long  and  25  feet  wide.  Along 
each  side  at  the  uniform  distance  of  perhaps  15  feet  are  the  bases,  I  may 
rather  say  the  stumps,  of  what  were  once  round  columns.  These 
stumps  are  weather  worn;  rather  by  the  wind  than  any  other  element,  as 
rain  is  known  in  that  region  only  once  in  seven  years.  They  now  show 
a  bottom  diameter  of  less  than  18  inches  and  in  a  height  of  3  feet  end  in 
a  blunt  point;  generally  they  are  not  more  than  1  or  2  feet  high.  But 
what  interested  me  was  the  fact  of  their  being  built  up  of  adobe  bricks 
laid  like  the  walls  on  beds  of  mud.  You  detect  this  construction  by 
breaking  them  ofi'  and  thus  exposing  the  interior,  for  the  effect  of 
weather  wear  has  been  to  so  dress  off  the  outside  as  to  have  them  smooth 
and  a23parently  homogeneous  or  monolithic,  if  I  may  say  that  of 
masonry  in  adobe.  The  Incas,  I  judge  from  these  columns,  must  have 
had  a  method  of  moulding  round  brick. 

While  these  statements  are  of  no  practical  use  in  the  modern  manu- 
facture of  brick,  I  trust  to  their  historic  value  and  interest,  to  justify 
me  in  laying  them  before  you  and  asking  for  them  a  place  in  the  archives 
of  this  association  of  constructors. 

K.  H.  Thlkston,  M.  Am.  Soc.  C.  E. — I  have  read  Mr.  Calkins'  i)aper 
with  much  pleasure,  and  am  particularly  interested  in  what  he  has  to 
say  about  the  use  of  brick  for  pavement.  It  would  seem  to  be  imj^ortaut 
that  some  further  exjjerience  be  had  in  the  larger  cities,  under  the 
heavier  traffic  that  is  usually  met  with  there.  I  was  in  Eochester  a  few 
days  ago  and  observed  that  East  Avenue,  one  of  the  p  rincipal  and  finest 
avenues  in  that  city,  had  been  laid  with  brick,  while  the  principal  por- 
tion of  the  city,  where  the  work  was  not  very  heavy  usually,  however, 
had  been  laid  with  asphalt.  I  am  told  that  the  asphalt  interest  is  strong 
there,  while  that  promoting  the  brick  is  weak;  but  I  presume  it  will  be 
easy  to  get  the  facts  relating  to  both,  after  a  little  while,  when  the 
service  shall  have  levealed  their  wearing  power  as  compared  with  the 
more  common  pavements.     A  careful  inspection  of  the  two  pavements 
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gave  me  a  very  favorable  imiaression  of  both  for  light  traflBc ;  but  I  could 
form  no  idea  of  their  actual  or  relative  value  under  heavy  loads  and  a^ 
dense  traffic.  I  hear  excellent  reports  of  the  brick  pavement  in  Western 
cities;  but  I  have  received,  and  get  from  Mr.  Calkins'  paper,  no  very 
detinite  quantitative  measure  of  the  value  or  endurance  of  the  material^ 
and  no  knowledge  at  all  of  the  precise  qualities,  as  to  strength  and 
toughness,  which  make  the  best  brick  for  this  work. 

This  seems  to  me  to  be  the  essential  information.  No  engineer 
can  intelligently  advise  for  or  against  any  given  manufacture  of 
brick  until  he  can  have  a  definite  specification  for  the  quaUty 
that  is  desirable.  Presumably  a  brick  may  be  burned  so  hard  as- 
to  be  too  brittle  for  the  purpose;  and,  on  the  other  hand,  it  may  be 
too  soft  to  have  any  commercial  value  at  all  for  this  use.  Just  what. 
are  the  best  combinations  of  strength  and  ^'  resilience^'  seems  to  be 
still  imknown.  This  is  the  very  first  thing  for  the  makers  to  ascertain,, 
and  to  present  to  the  engineer,  before  offering  brick  for  paving  purposes. 
I  imagine  it  will  be  found  that  some  clays  are  capable  of  making  admir^- 
able  paving  brick,  while  others,  excellent  for  building,  may  have  no 
value  at  all  and  may  be  entirely  incapable  of  exhibiting  that  wearing 
l^ower  which  is  required.  It  may  fairly  be  presumed  also,  that  a  brick, 
which  may  prove  best  for  a  country  village  may  be  entirely  unsatisfactory 
in  a  large  city  or  under  very  heavy  traffic.  The  figures  given  on  page 
390  of  the  paper  are  good  so  far  as  they  go;  but  we  need  vastly  more.. 
The  compression  specification  proposed  seems  to  me  to  admit  so  weak  a 
material  as  to  make  it  useless  for  the  purposes  of  a  contract.  I  think  it 
will  be  foiTud  that,  at  many  kilns,  the  weakest  "  sammel  "  brick  turned  out. 
would  pass  that  test,  so  far  as  strength  is  concerned.  The  absorption 
test  may  prove  all  sufficient  and  the  abrasion  test  seems  to  me  extra- 
ordinarily high  and  inconsistent  with  the  compression  test.  It  would 
seem  to  me  that  a  double  test,  by  crushing  under  pressure  in  the  testing 
machine,  and  crushing  by  the  blow  of  a  stated  weight  and  height  of' 
drop,  would  cover  the  requirement.  The  former  might,  it  would  seem, 
be  easily  established,  the  latter  would  require  careful  exi)erimental 
investigation  to  get  the  projjer  figures  of  weight  and  height. 

Modern  machine-made  brick  are,  I  think,  usually  much  strougers 
than  the  hand-made  brick  of  years  ago,  when  the  specifications  assumed' 
that  their  maximum  strength  would  range  from  3  000  to  5  000  pounds* 
per  square  inch  with  the  best  makes.  The  latest  figures  that  I  have' 
obtained  for  the  best  makes  have  been  astounding,  when  compared  with, 
these.  Years  ago,  I  tested  a  brick  for  Mr.  Haswell  on  which  we  were-' 
able  to  i)lace  about  10  000  pounds  per  square  inch,  and  I  have  since.-' 
tested  still  stronger  specimens.  We  have  recently  tested  brick,  made  near 
Ithaca,  New  York,  of  two  varieties  ;  of  which  the  common  samples  bore- 
from  8  000  to  11  000,  and  the  "repressed,"  about  15  000  pouud.s  per- 
square  inch  before  final  crushing.     They  cracked  at  from  3  000  to  5  000^ 
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splintered  at  from  6  000  to  8  500,  in  the  first  class,  and  the  two  critical 
periods  were  reached  with  the  "repressed"  article  at  12  230,  and 
.14  800  230unds,  respectively.  They  weighed  about  125  pounds  per  foot, 
the  repressed  running  up  to  137.  They  are  usually  of  a  reddish  cream 
color,  and  very  smooth  and  regular  in  form. 

But  this  is  insignificant  beside  figures  reciently  given  me  by  a  maker 
of  terra  cotta  in  Central  New  York,  who  has  shown  me  samiDles  which 
have  stood,  in  2-inch  cubes,  about  40  000  jjounds  per  square  inch.  I 
imagine  these  are  ideal  materials  for  paving,  and  there  is  no  reason  why 
we  may  not  expect  to  find  at  various  points  about  the  country,  equally 
good  clays.  The  costs  of  manufacture  are  not,  in  any  important  degree, 
greater  with  good  than  with  poor  clays,  and  it  should  be  possible  to 
make  brick  of  these  clays  i)ossessiug  enormously  high  powers  of  resist- 
ance to  dead  loads  and  to  the  blows  of  heavy  traffic. 

"WiLiiiAM  Steth,  Burlington,  la. — The  tests  for  crushing  strength  of 
paving  brick,  referred  to  by  Mr.  Calkins,  were  made  at  my  request,  at 
the  United  States  Arsenal,  Rock  Island,  mostly  on  account  of  determin- 
ing their  resistance  to  traffic,  or  rather  to  see  what  weight  would  be  re- 
quired to  crush  them,  as  it  was  claimed  by  some  people  that  no  brick 
could  be  burned  hard  enough  to  prevent  its  crushing  under  a  heavy 
load.  The  bricks  in  question  were  tested  on  end,  by  a  misunderstand- 
ing, instead  of  on  their  edges  as  they  are  laid  in  the  pavement,  and  there- 
fore did  not  show  their  true  crushing  strength  by  at  least  one-half  ; 
however,  it  was  shown  conclusively  that  it  would  require  an  enormously 
heavy  load  to  spawl  or  ci'ack  them.  I  agree  with  Mr.  Calkins  as  to  this 
test  being  insufficient  to  determine  the  necessary  qualities  of  a  good 
paving  brick,  and  that  tests  for  abrasion,  absorj^tion  and  tensile  strength 
should  be  made,  as  well  as  an  acid  test  ;  but  the  facilities  for  such  tests 
are  rather  scarce  in  most  localities,  and  even  where  samj^les  have  been 
subjected  to  all  these  tests,  it  must  be  remembered,  that  the  samples 
are  generally  selected  with  care,  and  that  their  qualities  are  in  the  ma- 
jority of  cases,  above  the  average.  It  therefore  dejjends  very  largely  on 
the  ability,  good  judgment  and  honesty  of  the  inspector,  whether  the 
specifications  are  comijlied  with  or  not.  Any  one  who  has  had  practical 
experience  in  this  class  of  pavements  will  agree  with  me,  that  it  is  not 
so  very  easy  to  distinguish  a  good  brick  from  a  poor  one,  as  an  over- 
burned  brick  will  appear  all  right  outside,  while  it  is  brittle  and  porous 
inside,  and  consequently  worthless  as  a  paving  brick.  On  the  other  hand, 
a  well  burned  and  tough  brick  may  appear  soft,  on  account  of  its  pale 
color,  and  probably  be  rejected,  although  it  might  stand  all  the  tests 
quoted  above.  As  it  is  out  of  the  question  to  subject  all  the  bricks,  or 
even  a  small  portion  of  them  to  the  various  tests,  some  way  should  be 
found  by  which  an  inspector  may  be  guided  to  detect  the  poor  ones. 
This  can  readily  be  done  iu  the  following  manner  : 

First,  have  the  bricks   dumjied   or  thrown   from   the  wagon  when 
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hauling  them  to  the  line  of  work.  Second,  if  a  brick  should  be  rather 
jjale  in  color,  or  not  as  heavy  as  the  average  (which  is  the  ease  with  an 
overburned  brick),  drop  it  flatwise  on  another  brick  set  on  edge,  from  a 
height  of  4J  to  5  feet.  Third,  immerse  it  in  water  and  notice  if  air  bub- 
bles ajapear  on  the  surface,  if  such  is  the  case  the  brick  is  porous,  and 
should  it  absorb  an  appreciable  amount  of  water  it  should  be  rejected. 
Any  brick  that  will  stand  the  above  simple  tests  is  acceptable,  and  a 
pavement  laid  with  such  material  will  stand  the  heaviest  traffic  if  sup- 
ported by  a  suitable  foundation. 

At  the  time  I  wrote  to  Mr.  Calkins  about  the  requisite  qualities  of 
clay  for  paving  brick  I  had  no  knowledge  of  the  true  composition  of  the 
clay  used  in  the  manufacture  of  paving  bricks  for  use  in  this  city,  and 
on  a  superficial  examination  of  the  same  was  led  to  the  belief  that  it  con- 
tained iron  in  sufficient  quantities  to  make  the  brick  tough.  This  con- 
clusion was  erroneous  in  so  far  as  it  is  not  iron  but  alumina  which  pro- 
duces this  result.  The  following  is  an  analysis,  made  by  students  of 
the  State  University  at  Iowa  City,  Iowa,  under  the  personal  supervision 
of  C.  T>.  Jameson,  Professor  of  Engineering  : 

Silica 77.40 

Alumina 11 .  74 

Ferric  Oxide 3.29 

Potash 3.76 

Magnesia 1.91 

Lime 1 .  60 

Soda 0.47 

Mn.  (trace  withFe  O.) 

100.17 
Lewis  Kingman,  M.  Am.  Soc.  C.  E. — I  have  read  carefully  Mr. 
Calkins'  paper  on  "Brick  and  Brick  Pavement."  There  are  so  many 
methods,  machines  and  kinds  of  material  that  it  is  not  strange  that  the  , 
bricks  made,  vary  greatly  as  to  quality  and  finish.  It  is  true  that  great 
improvement  has  been  made  in  the  methods  and  machines  used  during 
the  last  seven  years.  It  is  also  true  that  as  the  uses  of  brick  have  been 
widely  extended,  people  buying  them  have  been  educated  and  taught 
by  experience  the  difi'erence  between  good  and  bad  brick,  and  now  de- 
mand better  results  than  the  present  methods  and  machines  give  them. 
So  long  as  there  is  a  demand  for  a  poor  qiaality,  so  long  will  careless, 
indifi"erent  manufacture  continue. 

Here,  in  Topeka,  the  making  of  vitrified  brick  for  street  paving  was 
commenced  in  the  fall  of  1889.  A  Penfield  plunger,  with  a  capacity  of 
40  000  a  day,  and  five  Eudaly  down  draft  kilns  with  steam  dry  houses 
were  set  up.  They  have  made  7  540  000,  which  have  been  accepted  and 
laid  in  the  pavement  of  our  streets,  under  my  personal  direction;  during 
this  time,  about  one-hulf  of  the  brick  delivered  for  paving  have  been  re- 
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jected.  The  plant  was  supposed  to  have  a  capacity  of  40  000  bricks  in 
twenty-four  hours,  but  it  has  not  been  worked  -ap  to  more  than  25  000 
or  30  000,  with  the  average  somewhat  below  these  figures,  and  then  one- 
half  of  the  product  was  not  fit  to  be  used  for  the  jsurpose  intended.  The 
machine  broke  down  more  frequently  than  was  exjjected.  Contracts 
for  paving  were  delayed  more  than  a  year  on  account  of  defects  and  weak- 
ness of  the  macliiuerv  and  the  inability  of  the  company  to  make  good 
brick.  The  machinery  is  now  worn  out;  the  rollers  are  concave,  so  that 
the  material  is  not  ground  fine,  and  the  company  have  had  it  all  taken 
out,  and  propose  to  try  another  Penfield  machine  of  the  auger  style  with 
dry  pan  crusher. 

It  is  not  vei'y  encouraging  for  a  leaving  l)rick  company  to  make  bi'ick 
and  have  one-halt'  of  them  unfit  for  use.  Of  those  made  here  during 
the  last  two  years  probably  5  per  cent,  were  rejected  and  broken  in 
two  on  account  of  a  core  or  air  hole,  due  to  the  faulty  plunger  move- 
ment of  the  Penfield  machine.  Some  of  the  cores  do  not  aj^pear  on  the 
outside,  and  doubtless  many  of  them  have  been  received  and  put  into 
the  pavement.  The  brick  made  by  the  auger  machines  do  not  have  this 
defect.  A  small  per  cent,  of  the  brick  have  been  rejected  on  account  of 
their  becoming  warped  or  twisted  after  leaving  the  machine — some  few 
more  due  to  the  inattention  of  the  cutter  leaving  a  broken  end ;  but  the 
principal  cause  for  rejection  is  that  they  have  not  been  properly  burned. 

The  Eudaly  kiln  used  here  will  receive  160  000  brick.  They  are  well 
made  kilns,  tight  and  about  jjerfect.  When  the  kiln  is  filled  the  two 
ends  are  bricked  up  and  plastered.  Wood  is  used  for  from  two  to  four 
days  to  heat  them  uji  gi'adually,  then  bituminous  hxmpcoal  is  used,  and 
the  whole  kiln  kept  at  a  high  heat  and  held  at  this  heat  for  four  or  five 
days,  or  until  the  top  of  the  brick  in  the  kiln  has  settled  about  2  feet. 
It  has  been  found  that  the  aj^plication  of  the  heat  is  the  all-important 
detail  in  making  vitrified  brick.  The  toughness  and  temper  of  a  brick 
requires  that  the  dried  clay  be  heated  gradually  and  never  allowed  to 
chill  until  it  attain  a  point  past  the  cherry  red,  tending  to  white  heat. 
It  must  be  held  at  that  heat  three  or  four  days  and  then  gradually  cooled, 
"which  takes  five  or  six  days.  There  have  been  more  bricks  spoiled  from 
changes  in  temperature  after  the  fires  were  started  than  from  all  other 
causes  together.  I  think  cold  air  has  too  easy  access  to  the  flues  when 
the  fires  are  out  or  low.  Some  kilns  have  been  spoiled  so  thoroughly 
that  the  bricks  were  like  dried  clay,  without  any  ring,  and  of  a  dull, 
dirty  color,  and  not  fit  for  any  use.  There  have  been  but  few  bricks 
spoiled  from  overheating,  when  it  has  happened  some  of  the  bricks 
would  run  or  melt  and  stick  together,  but  otherwise  would  be  of  good 
quality. 

I  have  known  this  plant  to  deliver  three  kilns,  one  after  another, 
with  over  90  per  cent,  of  them  first-class,  good  brick  ;  then  following 
these  good  brick  would  be  one  or  two  very  bad  kilns.     This  uncertain 
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risk  is  one  of  the  details  of  brick  burning  that  ought  to  be  obviated.  It 
is  something  that  with  the  present  methods  seems  almost  impossible  to 
prevent.  That  intelligent  men,  with  their  money  at  stake,  cannot  rem- 
edy this  seems  improbable;  yet  it  goes  on  from  month  to  month,  and 
people  buy  and  use  for  other  purposes  those  brick  which  will  not  do  for 
paving  brick. 

Brick  pavement  has  been  tested  here  since  May,  1890.  Since  then 
there  has  been  laid  73  000  square  yards.  I  think  it  has  met  with  the 
approval  of  our  people,  l)ut  there  are  many  things  about  it  that  are  not 
altogether  satisfactory  to  an  engineer — so  long  as  the  brick  are  each  and 
every  one  first-class,  well  tempered,  tough  and  well  vitrified,  the  pave- 
ment is  without  fault.  When  a  kiln  has  been  properly  handled  and  90 
or  95  per  cent,  of  all  the  brick  are  first-class,  then  it  is  an  easy  task  to 
inspect  and  have  good  pavement;  but  when  one-half  of  the  kilns  burned 
have  been  chilled  or  otherwise  spoiled  (and  it  has  happened  that  whole 
kilns  have  been),  then  it  is  that  the  inspector  has  trouble.  After  they 
have  been  laid  and  traveled  over  and  the  "  skin  "  worn  ofi",  and  a  large 
number  of  worthless  brick  found  in  the  pavement  that  ought  not  to  have 
been  there,  this  is  annoying  at  least.  Until  the  science  of  brick-making 
is  advanced  so  that  each  and  every  kiln  can  be  burned  and  tempered  ex- 
actly right  and  all  the  brick  come  out  good  and  true,  we  have  not  much 
to  boast  of.  I  have  used  St.  Joseph,  Mo.,  Atchison  Soldiers'  Home,  and 
Osage  City  Brick  here  during  the  last  two  years,  and  I  am  satisfied  that 
all  have  the  same  or  about  the  same  trouble  in  burning  vitrified  brick. 

HoEACE  M.  MaeshaxiL,  M.[Am.  Soc.  C.  E. — Inasmuch  as  the  author 
concluded  that,  "the  test  for  crushing  strength  appears  to  be  worthless, 
etc.,"  it  is  surprising  to  see  the  requirement.  "The  modulus  of  rupture 
in  comi^ression  to  be  1  700  pounds  per  square  inch;"  more  especially  as 
the  said  bricks  would  stand  several  thousand  ijounds  before  beginning  to 
crush.  Transverse  strain  or  cross  breaking  is  probably  intended,  but  if 
so,  why  not  prescribe  whether  laid  flatwise  or  on  edge  when  tested?  No 
method  for  abrasion  test  is  suggested,  though  there  seems  to  be  great 
diversity  and  want  of  accuracy  in  the  usual  tests,  that  is,  Prof.  Ira  O. 
Baker  so  thinks.  His  pamphlet,  "Brick  Pavements,"  covers  much  of 
the  subject  in  very  close  agreement  with  Mr.  Calkins.  If  bricks  under- 
going the  abrasion  test  were  clamped  at  one  end  of  a  "  rattler  "  box  by  some 
device  like  a  printer's  form,  so  they  would  receive  blows  from  the  shot 
on  one  face  or  edge,  while  they  were  themselves  supported  at  back  and 
sides,  the  conditions  would  more  nearly  approach  the  actual  facts  in  a 
pavement.  From  the  size  and  weight  of  the  shot,  the  length  and  the 
number  of  turns  of  the  rattler,  a  fair  comparison  could  be  made  between 
the  impact  in  the  test  and  in  a  roadway.  With  bricks  that  lesist  abra- 
sion as  well  as  granite,  a  jjavement  should  be  possible  which  would  out- 
wear granite,  for  it  could  be  laid  smoother.  Judging  from  the  table 
given,  the  builders  of  brick  pavements  never  read  what  Mr.  Clemens 
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Herscbel,  M.  Am.  Soc.  C.  E.,  wrote  on  road  fouudations.  On  page  20 
of  his  prize  paper,  "The  Science  of  Road-making,"  he  says:  "The 
foundation  to  be  solid,  unyielding,  porous  and  of  large  material."  Again 
on  the  next  page:  "The  point  never  to  be  lost  sight  of,  is  that  this 
foundation  course  must  remain  porous,  must  be  pervious  to  water  so  that 
all  rain  water  that  soaks  through  the  top  covering  will  find,  through  it, 
means  of  escape  to  the  giontui  underneath;  thence,  according  to  the 
nature  of  the  subsoil,  it  is  either  left  to  soak  into  the  ground,  or  must 
be  further  led  away  by  appropriate  drains."  Brick  pavements  witlioufc 
foundation  may  be  good,  but  with  a  foundation  they  should  be  l)etter. 

Why  a  roadway  should  ever  have  its  surface  conform  to  a  circle  is 
one  of  the  things  past  finding  out.  If  the  slope  near  the  middle  is 
sufficient  to  cause  the  water  falling  there  to  flow  off,  why  then  should 
the  slope  be  increased  towards  the  sides?  The  rational  form  for  drain- 
age would  be  two  planes  declining  from  the  median  line,  say  1  in  300> 
but  as  the  angle  along  the  intersection  of  the  planes  would  be  objection- 
able, it  should  be  rounded  off  with  a  curve  whose  radius  is  practically 
900  feet,  so  as  to  be  tangent  to  the  planes  about  3  feet  from  the  median 
line.  If  a  gutter  is  desired,  make  it  an  invert  and  round  off  the  edge 
where  it  joins  the  plane  of  the  roadway. 

WiiiiiiAM  C.  Jewett,  M.  Am.  Soc.  C.  E.— Mr.  Calkins'  paper  on  brick 
is  certainly  very  interesting  and  instructive  to  the  members  who  are 
using  large  quantities  of  brick. 

The  work  of  arching  the  tunnels  on  the  Cincinnati  Southern  Railway 
has  been  in  progress  for  a  number  of  years  under  my  supervision  as- 
Resident  Engineer.  I  have  made  it  a  rule  to  insist  on  the  use  of  the  very 
best  brick  to  be  found  in  the  market  independent  of  the  usual  tests  for 
streugth;  and  the  difficulty  of  securing  suitable  brick  for  this  work  is 
apparently  increasing  within  the  limits  of  a  reasonable  haul,  including 
Cincinnati  and  Chattanooga.  A  short  tunnel  is  the  most  trying  place  in 
which  brick  can  be  used,  and  unless  the  bricks  are  perfect  they  will 
ultimately  fail  through  the  action  of  frost.  Brick-makers  do  not  like  to 
assort  l)rick  and  it  is  rarely  that  a  kiln  can  be  found  that  will  furnish 
brick  for  this  work  without  thorough  culling.  I  attribute  the  difficulty 
of  securing  perfect  brick  in  this  section  to  the  recent  introduction  of 
machines  descril  ed  by  Mr.  Calkins  as  the  auger  type.  The  bricks  from 
these  machines  are  usually  perfect  in  form  and  pleasing  to  the  eye, 
hence  they  find  a  ready  s  ile  among  l)uilders,  but  the  internal  mechanical 
structure  is  not  adapted  to  durability,  at  least  siich  is  the  case  with  those 
that  have  come  under  my  observation.  I  have  no  doubt  but  that  the 
cause  of  this  trouble  is  as  Mr.  Calkins  says,  the  improj^er  tempering  of 
the  clay,  but  even  when  api^arently  perfectly  made  I  find  that  they  are 
not  equal  to  those  entirely  free  from  a  laminated  structure.  I  have  used 
large  quantities  of  brick  made  with  these  machines,  but  the  most  rigid 
insi:)ection  has  been  necessary,  resulting  in  constant  contention  between 
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the  inspector  and  the  contractor,  the  latter  knowing  that  the  particular 
bricks  rejected  would  pass  inspection  for  any  other  work. 

Stephen  L.  Haight,  M.  Am,  Soc.  C.  E. — In  connection  with  the  sub- 
ject discussed  by  Mr.  Calkins,  I  would  like  to  call  attention  anew  to  the 
use  of  the  bricks  made  of  furnace  slag  for  paving  streets,  as  there  is  a 
superabundance  of  such  material.  I  saw  them  in  use  in  Toronto  some 
time  since,  where  they  were  laid  between  the  rails  of  a  street  car  line. 
There  was  a  conspicuous  absence  of  grooving  by  the  horses'  feet,  such  as 
could  be  seen  where  stone  blocks  had  been  set  in  other  parts  of  the  same 
line. 

The  City  Engineer  stated,  in  reply  to  the  objection  that  they  would 
be  slippery  and  cause  frequent  falls  of  horses,  that  no  trouble  had 
been  experienced  from  this  cause.  A  remedy  for  this  danger  could  be 
readily  obtained  by  forming  grooves  in  them  when  they  are  manufac- 
tureil. 

The  weight  of  such  blocks  might  be  an  objection  to  their  use  at  long 
distances  from  the  place  of  manufacture,  but  if  properly  set  they  would 
be  much  more  durable  than  either  brick  or  stone. 

Akthub  N.  Talbot,  M.  Am.  Soc.  C.  E. — The  subject  of  paving  brick 
is  one  of  growing  importance,  especially  in  the  prairie  iiortions  of  the 
country  where  stone  of  any  kind  is  not  to  be  found.  The  improvements 
in  the  manufacture  of  brick  within  the  past  ten  years,  and  experience 
■with  bi'ick  pavement  extending  in  two  cases  over  fifteen  years  with  re- 
sults that  are  certainly  satisfactory  for  what  may  be  termed  the  experi- 
mental stage,  show  that  where  suitable  clay  may  be  found,  brick  consti- 
tutes a  durable,  economical  and  desirable  leaving  material  for  light  and 
medium  traffic,  and  also  for  moderately  heavy  traffic  when  best  "pavers  " 
are  used.  But  it  must  be  borne  in  mind  that  satisfactory  results  will  be 
obtained  only  with  brick  of  suitable  clay,  properly  burned,  and  that  such 
bricks  are  entirely  different  from  the  usual  building  brick.  Some  dis- 
credit has  been  thrown  upon  brick  pavement  by  the  use  of  improjjer 
material.  The  effort  to  utilize  and  stimulate  a  local  industry,  however 
desirable  in  itself,  may  lead  to  the  acceptance  of  unsuitable  brick. 

The  absolute  necessity  of  a  high  quality  of  briek  makes  the  need  for 
definite  sijecifications  more  urgent.  "The  best  quality  of  hard-burned 
brick,"  or  even  the  added  "shall  stand  all  reasonable  tests  to  which 
leaving  material  is  usually  subjected,"  does  not  express  any  definite  re- 
quirement. Any  structural  material  subject  to  wear  and  needing 
strength,  toughness  and  other  qualities  should  have  careful  and  precise 
specifications.  Imagine  structural  iron  or  even  cement,  especially  if 
manufactured  by  small  local  companies,  having  such  vague  require- 
ments. Nor  does  the  furnishing  of  six  samples  and  the  requirement 
that  no  brick  shall  be  inferior  in  quality  to  the  samjjles,  obviate  leaving 
the  accei^tance  to  the  arbitrary  judgment  of  an  individual. 

How,  then,  to  si)ecify  the  requisite  toughness,  hardness  and  imper- 
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vioiisness  is  an  important  question.  Of  the  various  tests,  those  of 
sjiecific  f^ravity  and  crushing  strength  are  unnecessary.  A  mixture  of 
rock  with  clay  may  increase  the  specific  gravity  without  adding  to  the 
value  of  the  paving  brick.  Experiments  have  shown  that  crushing  or 
pure  compressive  strength  is  not  conclusive  evidence  of  toughness;  and, 
besides,  this  test  involves  greater  care  and  labor  and  more  extensive  ap- 
pliances than  the  others.  High  transverse  strength  has  been  found  to 
be  an  attribute  of  the  paving  brick  which  have  stood  the  test  of  time. 
This  test  may  be  easily  made,  even  if  a  testing  machine  is  not  at  hand, 
as  follows:  Caliper  the  plunger  of  a  hydraulic  press,  such  as  may  be 
found  in  the  machine  shops  of  any  city,  and  attach  a  i^ressure  gauge. 
Place  the  end  of  the  plunger  against  a  knife  edge  (easily  cast),  resting 
on  the  middle  of  the  brick.  Then  the  brick  may  rest  on  two  knife  edges 
l)laced  for  uniformity  6  inches  apart  and  the  stress  of  the  plunger  may 
be  aj^i^lied.  After  finding  the  pressure  of  the  plunger,  the  modulus  of 
rui)ture  is  easily  calculated.  For  ordinary  climatic  conditions  with  the 
pavement  subject  to  repeated  freezing  and  thawing  when  wet,  the  ab- 
sori^tion  test  is  an  important  one.  Even  where  porous  brick  have  been 
used  for  sidewalks,  siibject  to  com^jaratively  little  wear,  the  surface  has 
rapidly  disintegrated  from  the  eifects  of  frost,  and  for  i^avement,  brick 
must  be  impervious  enough  to  prevent  this  action.  These  two  tests 
of  transverse  strength  and  absorption  are  simple,  and  quickly  and 
easily  made.  The  value  of  the  rattler  test  has  been  questioned,  but, 
while  it  does  not  give  the  same  wear  as  the  pavement  is  subject  to,  it 
does  give  a  comijarison  between  the  brick  and  some  standard  stone,  and 
so  adds  to  the  knowledge  obtained  by  the  two  preceding  tests.  The 
grinding  test  seems  less  desirable. 

The  specifications  for  first  and  second  quality  given  by  Mr.  Calkins, 
are  practically  the  same  as  those  first  proposed  by  Professor  I.  O. 
Baker.  It  would  seem  to  the  writer  that  the  requirement  for  absorption 
in  the  first  class  are  more  severe  than  necessary,  though  if  it  i  an  be 
obtained  the  life  of  the  pavement  will  be  increased.  Pavement  made 
from  the  second  quality  has  given  excellent  service  in  our  smaller  cities. 
I  should,  however,  suggest  the  selection  of  a  certain  number  of  l)rick 
with  every  given  quantity  delivered,  say  two  to  every  10  000,  which 
should  be  tested  as  above.  In  the  event  of  failure  to  fulfill  the  condi- 
tions a  further  selection  and  test  should  be  made  before  rejecting  the 
lot.  In  addition,  any  susj^icious  lots  should  be  tested.  The  various 
tests  will  train  the  judgment  of  the  inspector,  so  that  inferior  bricks 
are  quickly  detected.  The  above  tests  refer  to  top  brick.  Those  for  the 
lower  course  need  not  be  so  strong  and  tough,  but  should  jiass  a  high 
absori^tive  test.  The  application  of  systematic  tests  to  paving  brick 
will  tend  to  raise  the  standard  of  the  product  and  methods  of  manu- 
facture, as  it  has  that  of  cement,  iron  and  steel. 

By  George  W.  Rafter,  M.  Am.  Soc.  C.  E. — Mr.   Calkins'  paper  is 
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of  interest  and  value,  not  only  for  tlie  information  in  relation  to  recent 
processes  of  brick  manufacture,  but,  more  especially,  because  of  tlie 
discussion  on  the  use  of  brick  for  street  pavements,  as  such  discussion 
is  likely  to  be  i^roductive  of  great  good.  The  demand  for  a  satisfactory 
paving  material  is  great  in  those  regions  of  the  West  where  stone  suit- 
able for  either  block  or  macadam  paving  is  in  many  localities  entirely 
wanting.     The  use  of  wood  has  nowhere  proved  to  be  economical. 

The  absence  of  stone  of  all  kinds  for  long  distances  in  Illinois  and 
neighboring  States  is  a  thing  which,  to  be  appreciated,  must  be  seen. 
For  example,  on  the  Cairo  Branch  of  the  Dlinois  Central  Railroad, 
built  in  1879,  suitable  stone  for  ballasting  can  be  obtained  at  only  two 
jjoints  in  a  distance  of  364  miles  between  Chicago  and  Cairo.  At  that 
time  brick  jjavements  were  just  coming  into  use  in  Bloomington,  Decatur 
and  some  of  the  other  interior  towns  of  that  State.  The  early  brick 
pavements  were  mostly  poor  affairs,  but  the  improvements  since  made 
in  processes  of  manufacture,  burning  and  selection  of  bricks  and  in 
methods  of  laying  have  greatly  increased  their  wearing  qualities. 

In  regions  where  what  may  be  termed  normal  paving  material  is  dif- 
ficult to  obtain,  necessity  has  thus  developed  in  brick  a  material  fairly 
suitable  considering  the  special  conditions  there  existing.  It  is  not 
creditable,  however,  to  the  sagacity  of  many  of  our  urban  communities 
that  the  commercial  sj^irit  has  led  to  the  use  of  brick  in  places  differently 
situated,  where  better  material  could  be  had,  and  where,  if  ultimatei 
durability  is  taken  into  account,  such  use  can  only  lead,  so  far  as  we  now ' 
know,  to  a  relatively  speedy  removal  and  a  greater  ultimate  expense. 

However,  in  many  Eastern  cities,  where  pavements  and  other  street! 
improvements  are  paid  for  by  local  taxation,  the  struggle  of  the  pave- 
ments is  fully  on.  Such  taxation  carries  with  it  in  the  cities  in  New 
York  the  right  of  selection  by  the  taxpayers  of  the  pavement  to  be  laid,, 
and  as  a  result  the  paving  interests  maintain  an  agent  in  nearly  every 
town  of  any  considerable  size.  These  gentlemen  are  all  alert,  each: 
thoroughly  posted  as  to  the  merits  of  the  wares  which  he  is  charged 
with  selling,  and  each  makes  it  a  point  of  special  merit  that  he  is  on 
terms  of  amity  with  as  large  a  number  as  possible  of  the  taxpayers  ofi 
every  street  which  it  is  contemplated,  even  remotely,  to  permanently 
improve.  Under  the  influence  of  the  active  canvassing  which  results, 
the  people  of  the  prosi^ectively  imj^roved  street  divide  into  severall 
Ijarties,  each  vigorously  advocating  such  form  of  i^avement  as  accident, 
seK-iuterest,  or  friendly  feeling  for  a  paving  company's  representative' 
hapi^eus  to  dictate.  Very  rarely  is  the  question  of  iiltimate  economy 
consid(>red  other  than  remotely. 

In  a  case  Avhich  the  writer  noted  not  long  since,  petitions  to  the' 
Common  Council  were  in  circulation  for  the  following  pavements : 
Medina  sandstone,  three  different  varieties  of  sheet  asphalt,  block, 
asphalt,  brick,  cedar  block,  and  two  forms  of  Telford  roadway,  makingi 
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nine  in  all.  lu  at  least  one  case  on  the  street  in  question  the  discussion 
became  so  warm  that  two  life-long  neighbors  were  only  prevented  from 
coming  to  blows  by  the  interposition  of  mutual  friends. 

At  the  i^resent  time  eight  varieties  of  pavements  are  in  use  in 
Eochester.  Their  designations  and  the  approximate  cost  per  square 
yard  are  indicated  in  the  following  statement,  the  prices  there  given 
including  also  the  cost  of  all  necessary  excavation  and  foundation.  In 
the  case  of  the  asj^halts  and  brick  the  price  further  includes  the  cost  of 
repairs  for  a  term  of  years  : 

Per  Square  Yard. 

(1)  Medina  stone  pavement,  costing  from SI  75  to  $2  25 

(2)  Trinidad  sheet  asphalt  pavement,  costing 2  75 

(3)  Sicily  rock  asphalt  pavement,  costing 2  75 

(4)  Vulcanite  sheet  asphalt  j^avement,  costing 2  75 

(5)  Block  asphalt  pavement,  costing 2  65 

(6)  Brick  jjavements,  costing  from 2  25  to    2  50 

(7)  Telford  pavements,  costing  from 1  00  to    1  25 

(8)  Telford  pavements,  with  gravel  superstructure  in- 

stead of  broken  stone,  costing  from 90  to    1  00 

Of  these  several  pavements  it  may  be  stated  that  the  Medina  sandstone 
is  the  natural  material  for  heavy  traffic  in  this  city.  The  maximum 
develoi^ment  of  this  stone  occurs  at  Albion,  30  miles  west,  on  the  line 
of  the  Erie  Canal,  and  water  transijortation  enables  the  rock  to  be  laid 
down  at  a  nominal  cost  during  the  navigation  season.  Sand  for  the 
foundation  is  obtained  within  or  near  the  city  limits,  and  there  is  no 
rational  reason  why  the  City  of  Rochester  should  ever  go  abroad  in 
search  of  a  fairly  durable  pavement  material  for  its  business  streets.  The 
price  of  SI.  75  to  S2.25  per  square  yard,  as  given  in  the  foregoing,  is  the 
l^resent  ruling  figure,  the  range  in  price  being  chiefly  due  to  the  local 
accidents  of  varying  distances  for  hauling  material  by  team,  labor,  etc. 
Quality  of  paving  material  has  also,  to  some  extent,  an  influence  on  the 
price. 

While  I  refer  to  Medina  sandstone  as  the  normal  material  for  pave- 
ments on  streets  with  heavy  traffic  here,  I  do  not  wish  to  be  understood 
as  claiming  for  it  superiority  over  granite  and  some  otlier  forms  of  stone 
block  pavement,  which,  however,  are  not  entirely  available  at  Rochester 
by  reason  of  long  haul.  My  point,  so  far  as  I  make  one,  is  that  by  reason 
of  its  accessibility  the  Medina  stone  is  the  natural  material,  and  durable 
pavements  for  heavy  traffic  can,  all  things  considered,  be  jirocured  here 
cheaper  by  its  use  than  in  any  other  way. 

The  jirice  of  §2.25  i>er  square  yard  as  a  maximum,  however,  procures 
a  pavement  which,  under  the  traffic  of  ordinary  streets,  will,  with 
moderate  expense  of  annual  maintenance,  show  a  iiia  of  nearly  thirty 
years,  at  the  end  of  which  time  the  blocks  will  be  so  nearly  worn  out  as 
to  require  entire  renewal,  which  may  ordinarily  be  accomplished,  inas- 
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mucli  as  the  sand  foundation  is  already  iu  place,  for  about  $1.50  to  Si.  75 
per  square  yard. 

It  may  be  reasonably  inferred  from  the  foregoing  that  the  Medina 
sandstone  pavements  used  here  are  of  the  second  class,  that  is,  they  are 
laid  on  sand  foundations  rather  than  concrete.  Thus  far  no  first-class 
stone  pavements  with  concrete  foundations  have  been  put  down  in 
Rochester.  Such  pavements  are  hardly  suited  to  streets  which  have  not, 
in  the  matter  of  the  various  necessary  underground  conduits,  reached 
■what  may  be  termed  a  fixed  condition,  the  frequent  cutting  through  of 
the  concrete  foundations  being  relatively  a  more  serious  detriment  to 
the  pavement  than  the  removal  and  replacing  foundations  of  sand. 
Medina  pavements  are  mostly  used  on  the  business  streets,  and  all  these 
may  be  considered  as  to  the  present  time,  subject  to  more  or  less  pulling 
up.  For  instance,  it  is  contemplated  to  build  on  the  line  of  the  chief 
business  streets  during  the  coming  season,  new  sewers  much  deeper  than 
those  now  existing,  the  new  sewer  construction  to  be  followed  probably 
by  the  putting  down  of  permanent  first-class  pavements  on  the  two 
streets  in  question.  The  asphalt  and  brick  pavements  now  in  i^lace  in 
this  city  are  on  the  contrary  on  streets  where  fixed  conditions  may  be 
considered  as  existing,  and  on  which  there  is  therefore  no  objection  to 
making  a  permanent  concrete  foundation. 

On  the  proper  solution  of  questions  of  the  nature  of  the  foregoing 
will  depend  to  a  great  extent  the  quality  of  the  pavements  in  any  town 
which  has  reached  approximately  the  finished  state. 

The  Telford  jiavement,  as  used  in  Rochester,  has  little  to  recommend 
it.  The  only  available  material  is  a  hard  limestone  which  is  still  far 
short  of  furnishing  a  satisfactory  roadway.  As  constructed  here  these 
pavements  have  about  10  inches  of  supermaterial,  and  under  ordinary 
traffic  wear  down  to  the  substructure  in  from  three  to  five  years. 

At  the  present  time  there  are  no  wood  pavements  in  use  in  the  city 
of  Rochester,  all  having  been  replaced  with  other  material  a  few  years 
ago. 

Medina  sandstone  pavements  are  objected  to  for  residence  streets 
on  account  of  the  noise  made  by  passing  vehicles,  and  in  Rochester  as 
elsewhere,  a  demand  has  arisen  for  a  noiseless  pavement  on  such  streets. 
For  this  jDurpose  asi^halt  has  been  largely  iised  during  the  last  few  years, 
aud  brick  are  now  being  introduced  for  a  like  purpose.  On  residential 
and  suburban  streets  with  light  traffic,  probably  no  vei*y  serious  objec- 
tion to  such  use  of  the  better  quality  of  paving  brick  of  recent  manufac- 
ture can  be  made,  though  before  adopting  them  largely,  even  for  light 
traffic  we  ought  to  know  more  of  the  wearing  aud  lasting  qualities  of 
the  material.  To  adopt  them  for  the  principal  business  streets  of  a  city 
of  the  size  of  Rochester,  especially  one  with  large  iron  or  other  manu- 
facturing interests,  involving  much  heavy  drayage,  would  be  an  exceed- 
ingly bold  departure.     Mr.  Calkins,  while  expressing  the  oj^inion,  based 
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on  experience,  that  bricks  composed  of  suitable  material,  properly  made, 
burned  and  laid,  will  furnish  a  durable  pavement,  is  still  unable  to  give 
any  definite  statements  of  their  relative  eflSciency  in  comparison  "with 
other  paving  materials  under  like  conditions  of  use.  This  lack  of  defi- 
nite information  on  a  vital  point,  cannot  be  charged,  however,  in  any 
degree  upon  the  author  of  the  paper.  The  responsibility  for  it,  must  be 
put  largely  upon  the  indifference  of  the  street  maintenance  departments 
of  our  municii^alities. 

In  illustration  of  the  importance  and  value  to  an  urban  community 
of  definite  information  on  the  question  of  relative  costs  of  maintaining 
the  ditferent  kinds  of  pavements,  I  present  a  tabulated  statement  of  the 
first  cost  of  pavements  of  all  kinds,  including  the  Telford  as  laid  in  the 
City  of  Rochester  in  the  10  years  ending  April  1st,  1891.  The  figures 
given  are  the  totals  of  the  final  estimates  for  each  year,  and  include  the 
cost  of  cui'bs  and  such  other  accessories  as  are  usually  constructed  in 
connection  with  permanent  improvements,  as  for  instance,  additional 
surface  sewers,  lot  laterals  and  manholes  to  sewers,  the  cleaning  of 
sewers,  etc.,  and  in  the  case  of  the  asjihalt  pavements  the  cost  of  extend- 
ing water  services  to  the  curb  for  all  vacant  property.  All  these  various 
items  over  and  above  the  cost  of  ijavement  proper,  maybe  taken  at  about 
15  per  cent,  of  the  whole.  On  this  basis  the  expenditure  for  pavement 
proper  for  ten  years  may  be  stated  for  even  figures  at  SI  500  000. 

Table  Showing  the  Cost  of  Permanent  Street  Pavements  in  the 
City  of  Rochester,  N.  Y.,  for  Ten  Years.  Also  the  PopuiiA- 
TioN  BY  Years  for  the  same  period. 


Final   Tear. 

April  Ist  to 

April  1st. 

Medina 

Stone. 

Asphalt, 
all  kinds. 

Brick. 

Telford, 
all  kinds. 

Totals. 

Cost  of  Re- 
pairs of 
Improved 

Roadways. 

Popu- 
lation. 

1881  to  1882. 

1882  to  1883. 

1883  to  1884. 

1884  to  1885. 

1885  to  1886. 

1886  to  1887 

$00  151  23 

25  772  70 
51 602  31 
3G  882  85 

$76  804  97 

69  415  76 

60  728  23 

6  117  33 

$136  956  20 

95  188  46 

112  330  54 

43  000  18 

27  000  00 

1  a.';  afi."!  67 

*93  100 

95  650 

1 

99  850 

104  200 

$27  000  00 
97  681  19 

117  889  99 
16  100  no 

172  341  36 

210  289  36 

$14  405  95 

28  937  64 
20  960  03 
12  939  25 

108  500 

9S  39R  fiO 

14"  887  59 

113  900 

1887  to  1888.      113  405  45 

1888  to  1889  1         7  341  30 

86  779  03!      318  074  47 
55  777  21          79  218  60 

119  700 

1  96  !MM) 

1889  to  1890. 

1890  to  1891. 

86  950  03 
116  185  78 

58  650  24 
24  173  83 

317  941  63 
409  492  86 

11  596  63   132  000 

$58  843  89 

16  696  05    138  OOa 

1       Totals.... 

$521  688  C3 

$641  301  90 

$58  843  89 

$453  334  19 

$1775168  61 

*  OfBcial  population  in  1880,  88  366;  in  1890, 133  896.    No  additions  to  territory. 


As  to  the  relative  cost  of  maintaining  various  classes  of  pavements  in 
the  City  of  Rochester,  ijractically  nothing  is  known.  Beginning  with 
the  year  ending  April  1st,  1886,  some  attempt  has  been  made  to  show  the 
total  cost  of  repairs  to  all  kinds  of  improved  roadways,  but  even  these 
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statistics  have  not  been  kejit  in  such  manner  as  to  inspire  much  confidence 
in  their  accuracy.  So  far  as  the  writer  is  informed,  aside  from  the  year 
ending  April  1st,  1886,  no  attempt  has  been  made  to  separate  the  items  of 
cost  of  repairs  for  the  different  classes  of  pavements,  which  is  really  all 
that  is  valuable  in  statistics  of  this  character.  As  they  stand,  however, 
they  make  a  strikingly  elegant  edition  of  the  play  of  Hamlet  with  the 
moody  Prince  of  Denmark  absolutely  left  out. 

It  seems  to  the  writer,  however,  so  self-evident  a  jjroposition  as  to 
require  no  special  proof  of  its  reasonableness  that  in  any  city  where  an 
exiJenditure  of  $1  500  000  is  made  for  paving  materials  and  labor  in  tan 
years,  that  some  little  attention  to  relative  values  might  be  paid,  as  will 
be  noted  on  inspection.  During  the  past  ten  years  the  use  of  asphalt  has 
begun  in  Rocheaier  and  has  already  so  extended  as  to  make  a  very  large 
percentage  of  the  total  of  pavements  laid  during  that  period.  During  the 
last  two  years  brick  has  fairly  gained  a  foothold,  and  present  indications  < 
are  that  its  use  will  be  considerably  extended  in  the  next  few  years. 
In  the  meantime,  definite  information  as  to  the  permanency  of  the  dif- 
ferent grades  of  brick  used  for  paving  is  greatly  lacking.  This  fact  was  < 
very  forcibly  impressed  upon  me  on  reading  the  discussion  a  fe-w> 
months  ago  of  the  question  of  paving  brick  at  the  meeting  of  the 
National  Brick-makers'  Association  of  Zanesville,  O.  The  gentlemani 
opening  the  discussion,  Mr.  Jones,  said  in  eff"ect  that  any  good  build- 
ing brick  clay  would  make,  by  proper  treatment,  a  good  paving  brick  fori 
light  travel;  but  that  for  heavy  traflic  a  semi-fine  clay  or  some  of  thei 
shale  clays  should  be  used.  The  next  speaker,  Mr.  Shea,  took  issuel 
with  Mr.  Jones  on  the  question  of  quality  of  clay,  his  view  being  that  firei 
clays  are  to  be  avoided.  Mr.  Tiafifny,  who  spoke  later  in  the  meeting,, 
expressed  strongly  the  opinion  that  a  clay,  suitable  for  sewer  pipe,/ 
would  make  a  good  vitrified  brick,  his  view  l)eing  clearly  that  somei 
degree  of  vitrifaction  was  essential  to  a  durable  paving  brick.  On  thei 
question  of  vitrifaction  the  views  of  the  manufacturers  were  equally  atl 
variance,  as  indeed  might  be  expected,  the  quality  of  vitrifaction  beingi 
a  function  of  the  clay.  Mr.  Beattie  held  that  the  ideal  paving  bricki 
should  be  impervious  to  water  and  stand  immense  pressure,  and  statedl 
that  brick  manufactured  by  his  firm  at  Atchison,  Kansas,  stoodi 
12  000  pounds  to  the  square  inch.  He  also  stated  as  au  additional 
necessary  quality  that  paving  brick  must  possess  toughness  in  con- 
junction with  vitrifaction.  Mr.  Ittiner,  referring  to  the  material  in  the' 
vicinity  of  St.  Louis,  stated  that  vitrifaction  was  an  injury  to  the  clays 
found  there.  Mr.  Titi'auy,  speaking  to  the  question  of  vitrifaction,  said 
it  was  a  matter  of  experiment  and  trial  with  different  clays  in  order  to 
determine  the  quality  of  clay  best  suit3d  to  produce  a  paving  brick 
which  will  answer  all  the  several  requirements. 

On  the  question    of    absorptive   properties   of  brick  Mr.   Calloway 
stated  that  he  had  in  the  exhibition-room  a  brick  made  on  a  soft  clay 
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machine  that  was  thoroughly  vitrified,  aud  would  stand  90  tons  pressure. 
He  offered  to  donate  $10  000  to  the  Association  if  his  brick  showed  any 
absorption  after  twenty-four  liours'  immersion  in  water.  Messrs.  Beat- 
tie,  Ittiuer  and  Parrington  were  all  of  the  opinion  that  brick  would 
eventually  supersede  all  other  forms  of  paving  and  Mr.  Ittiner  expressed 
the  opinion  that  all  present  would  live  to  see  granite  taken  up  and  brick 
put  down  in  its  stead. 

My  purpose  in  giviag  the  views  of  the  several  leading  manufacturers 
as  briefly  abstracted  in  the  foregoing,  is  to  enforce  the  following  points : 

(1.)  The  manufacturers  differ  widely,  not  only  as  to  what  constitutes 
the  ideal  paving  brick,  but  as  to  the  best  method  of  producing  it.  The 
statement  of  Mr.  Tiffany  that  it  is  a  matter  of  experiment  and  trial  in 
«ach  case  probably  represents  the  real  state  of  the  matter. 

(2.)  It  is  apparent  that  the  present  product  of  jjaving  brick  must 
vary  considerably  in  different  localities,  some,  undoubtedly,  being  far 
superior  to  others.  In  the  absence  of  definite  standards  of  quality,  and 
with  the  strong  commercial  competition  existing,  it  is  clear  the  con- 
sumer has,  as  usual,  to  bear  in  many  cases  the  burden  of  proving  by 
actual  experience  the  essential  worthlessness  of  the  inferior  varieties. 

If  brick  iDaving  is  really  a  legitimate  competitor  of  granite  aud  other 
first-class  paving  material,  and  has  come  to  stay  in  that  character,  it  is 
submitted  that  the  manufacturers  can  very  well  afford  to  expend  enough 
in  the  way  of  concerted  scientific  experimentation  to  remove  from  the 
subject  the  conflicting  and  contradictory  views  which  now  so  extensively 
prevail.  Independent  of  the  greater  probability  of  the  consumer  get- 
ting the  worth  of  his  money  which  may  be  expected  to  result  from 
such  work,  there  is  a  commercial  side  to  the  transactions,  to  the  benefit 
of  the  manufacturers  themselves.  Brick  ^mvements  are,  in  this  city, 
like  asphalt  laid  with  a  guarantee  of  all  rejjairs  on  the  part  of  the  con- 
tractor for  a  definite  term  of  years,  and  probably  the  same  condition  is 
exacted  elsewhere.  The  removal,  by  actual  demonstration,  of  the  un- 
certainty as  to  the  wearing  quality  of  brick,  which  now  largely  exists 
in  the  public  mind,  may  be  expected  to  operate  to  the  advantage  of  the 
manufacturers,  not  only  by  entirely  doing  away  with  the  time  guarantee, 
but  by  leading  to  an  increased  use  of  brick  for  leaving  purposes. 

In  order  to  indicate  some  of  the  lines  which  such  an  investigation  of 
the  new  paving  material  may  reasonably  pursue,  I  submit  herewith, 
without  comment,  two  self-explanatory  letters  published  in  "  Paving 
and  Municipal  Engineering,"  for  February,  1891. 

Editor  of  Paving  mid  Municipal  Engineering : 

In  response  to  your  call  for  suggestions  in  regard  to  a  uniform 
scheme  of  thorough  tests  of  paving  material,  I  would  submit  the  fol- 
lowing for  testing  stone  (natural  or  artificial),  and  brick  : 

1.  In  compression — stress  being  applied  continuously  and  gradually. 

2.  By   concussion — by    dropping   weights    upon   them.      This   test 
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would  determine  their  brittleness   and   their  i^ower  to  resist  sudden 
shocks. 

3.  Porosity. 

4.  By  Hacking. — In  this  test  I  would  use  some  means  of  cutting  the 
brick  or  stone,  with  some  instrument  of  about  the  same  degree  of  sharp- 
ness as  a  common  trowel,  a  weighted  knife  dropped  a  known  distance 
and  determining  its  action,  and  number  of  strokes  necessary  to  cut  a 
certain  amount,  would  be  a  very  important  test.  One  of  the  most 
worthy  tests,  being  easily  and  quickly  made,  is  to  take  a  sample  and 
hack  it  in  two  with  a  trowel.  If  it  scales  and  splits  off  you  may  know 
that  it  will  act  the  same  way  under  traffic,  and  a  little  practice  will  soon 
enable  you  to  determine  its  relative  hardness  and  toughness. 

5.  Grinding  on  stone  to  determine  its  toughness. 

6.  Polishing. — Determine  the  angle  of  friction  between  a  sample  and 
steel  or  iron,  and  then  after  rubbing  two  samjjles  together  a  stated  time' 
under  known  pressure,  determine  their  angle  of  friction,  which  would 
show  their  tendency  to  polish. 

7.  Tumbling— by  putting  samples  in  a  cylinder  with  sharp  castings 
and  determining  their  loss. 

8.  Determine  the  relative  "noisiness"  of  samples  by  laying  the 
material  in  the  same  manner  as  laid  in  the  jsavement  and  drojjping  steel 
or  iron  weights  on  them  and  measuring  the  distance  the  concussion 
can  be  heard. 

These  tests  would,  I  think,  about  cover  all  the  essential  tests,  unless 
it  would  be  the  "freezing,"  which  would  hardly  be  practical.     The  bi-  ■ 
carbonate  of  soda  test  might  be  applied,  but  would  hardly  justify  the  | 
undertakiog.  Hiram  PniLLn's,  C.  E., 

Eng'r  Dep't  Mo.  University. 

To  the  Editor  of  Paving  and  Municipal  Engineering : 

Gentlemen, — Accepting  your  invitation  to  submit  practical  tests  for  i 
paving,  permit  me  to  suggest  the  following :  That  at  Indianapolis  i 
six  blocks,  or  six  divisions,  of  equal  length,  aggregating  twelve  hundred 
feet,  be  selected  by  the  committee  ;  place  upon  the  whole  a  uniform  . 
foundation  of  limestone  macadam,  or  limestone  Telford,  or  limestone  ' 
native  cement  Beton,  or  limestone  Portland  cement  concrete,  or  lime-  ■ 
stone  Portland  cement  concrete  interlocking,  double-lever  press  blocks, 
as  the  committee  may  select. 

On  division  "A,"  pave  wdth  granite-quartzito  blocks. 

On  division  "B,"  pave  with  Eistern  granite  blocks. 

On  division  "C,"  pave  with  best  sheet  asphalt. 

On  division  "D,"  pave  with  gr.inite-quartzite selenite  macadam. 

On  division  "  E,"  pave  with  best  paving  brick. 

On  division  "  F,"  pave  with  best  cedar  blocks. 

Explanatory  of  location  :     The  street  to  be  used  for  tests  should  be 
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sutli  as  will  lie  in  and  from  the  business  section  of  the  city,  hence,  per- 
mitting the  arrangement  by  which  grauite-quartzite  blocks,  being  the 
hardest  of  all  material,  would  get  the  most  exposure.  The  toj)  of  the 
foundation  would  be  everywhere  the  same,  but,  as  in  the  case  of  asphalt, 
etc.,  they  would  gladly  put  on  a  sub-top,  to  adjust  the  thin  wearing  coat 
to  general  conditions. 

To  meet  actual  expenses  only,  let  the  committee  select  a  division 
where  the  city  has  laid  au  assessment.  Secure  a  tive-year  guarantee  for 
repairs  or  repaving,  each  company  to  have  its  own  methods  subject  to 
the  specifications  and  the  orders  of  the  City  Engineer  of  Indianapolis. 
I  cannot  conceive  of  a  more  positive  good  than  such  a  test  would  insure. 
Chicago,  January  22d,  1891.  W.  L.  S.  Bayley, 

Civil  Engineer. 
Mr.  Calkins'  suggested  standard  of  quality  is  in  line  with  the  forego- 
ing, and  I  do  not  wish  to  be  understood  as  in  any  way  attempting  to 
controvert  the  practical  utility  of  the  standards  which  he  has  proposed, 
although  I  wish  to  cite  to  him  the  Providence  tests  by  way  of  indicating 
that  his  proposed  standard  of  abrasion  will  be  somewhat  difficult  to  at- 
tain. My  points  are :  (1)  that  we  need  more  information;  and  (2),  inasmuch 
as  the  municipal  boards  have  thus  far  seen  fit  in  only  a  few  cases  to 
assist  in  furnishing  it,  the  magnitude  of  the  paving  interests  is  such  as 
to  justify  the  manufacturers  themselves  in  furnishing  by  concerted 
action  what  is  now  lacking.  The  expense,  while  considerable,  would 
not  be  excessive,  and  if  the.  results  of  a  thorough  series  of  scientific 
tests  essentially  verify  the  claims  which  have  been  made,  the  benefits  to 
the  brick  leaving  interests  will  be  almost  incalculable. 

In  reference  to  the  specification  for  quality  which  Mr.  Calkins  cites, 
it  may  be  remarked  that  if  we  had  a  standard  of  durability  and  fitness 
already  established  with  approved  methods  of  ascertaining  the  value  of 
any  given  material  with  reference  to  the  standard  fully  worked  out,  then 
the  proposed  clause  would  be  a  clear  improvement  on  the  ordinary  speci- 
fication as  qiioted  by  him.  As  the  matter  stands,  however,  there  is  at  the 
present  time  absolutely  no  generally  recognized  standard  of  quality  ex- 
cept the  perfectly  general  one  derived  from  actual  experience  in  use. 
The  clause  which  Mr.  Calkins  quotes  with  aj^probation,  may  be  fairly 
interpreted  therefore  as  admitting  to  use,  any  and  all  material  of  which 
it  could  be  claimed  that  it  had  been  burned  specially  for  street  paving 
purposes,  excepting,  of  course,  such  brick  as  failed  to  conform  to  the 
specification  for  square  edges,  straightness,  freedom  from  cracks,  etc. 
The  general  adoption  of  the  clause  in  question  would,  therefore,  it  seems 
to  me,  in  the  absence  of  a  standard,  lead  to  more  controversy  as  to 
admissible  quality  than  takes  place  under  the  ordinary  clause.  Mr. 
Calkins  states  that  the  author  of  the  projjosed  substitute  clause  is  to  him 
unknown.  The  present  writer  noted  it  nearly  two  years  ago  in  specifi- 
cations for  brick  pavements,  prepared  by  Mr.  JohnL.  CuUey  and  published 
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at  page  219,  Vol.  XXIII  of  Engineering  Newa  (issue  of  March  8th, 
1890);  but  whether  or  not  Mr.  Culley  is  the  original  author,  I  am  unable 
to  say.  In  thus  doubting  the  utiHty  of  the  clause  in  question,  I  do  not 
overlook  the  fact  that  the  use  of  tests  for  paving  material  is  extending  so- 
rapidly  as  to  mark  a  distinct  advance  toward  more  scientific  methods 
in  jDaving  engineering.  For  such  advance  we  are,  I  think,  largely- 
indebted,  so  far  as  this  country  is  concerned,  to  the  growth  of  the  brick 
paving  industry. 

The  few  tests  recorded  in  the  last  two  or  three  years  have  shown  such 
considerable  variations  in  quality  of  material  from  different  localities  as 
to  markedly  emphasize  the  importance  of  a  standard,  probably  the  best 
thus  far  made.* 

The  need  of  a  standard  for  tests  is  shown  by  tho^e  given  below: 
At  Kansas  City  Mr.  Butts  tested  for  compression,  absoriJtion  and 
abrasion,  while  in  the  Providence  series  Mr.  Shedd  made  no  tests  what* 
ever  for  com^jression,  but  tested  for  absorption,  abrasion  and  penetration 
by  oil.  At  Kansas  City  the  absorption  test  was  made  by  breaking  the 
brick  in  two  and  immersing  in  water  for  forty-eight  hours;  at  Provi- 
dence the  whole  bricks  were  immersed  for  twenty-four  hours  Again  at 
Kansas  City  the  abrasion  test  merely  included  placing  the  bricks  in  a  I 
foundry  rattler  with  a  lot  of  small  castings  and  running  the  rattler  at  the- 
rate  of  about  100  revolutions  jier  minute  for  fifteen  minutes;  at  Provi-i 
dence,  on  the  contrary,  the  bricks  were  run  in  a  rattler  for  six  hours  and  \ 
the  loss  of  weight  taken  at  the  end  of  each  hour. 

In  order  to  make  a  si^ecification,  avoiding  indefiniteness  and  at  the  < 
same  time  furnishing  the  engineer  a  certain  method  of  procedure,  uuden 
any  and  all  circumstances,  two  courses  are  open,  namely:  (1)  to  eitheri 
reserve  the  right  to  make,  before  awarding  the  contract,  any  test  of  sub-  • 
mitted  material  that  the  engineer  may  see  fit  to  make,  and  award  the< 
contract  in  accordance  with  the  results  of  such  tests;  or  (2)  j^rescribe  in 
the  specification  the  definite  tests  to  which  the  material  will  be  subjected, 
with  such  reservations  as  to  time  and  place  as  the  exigencies  of  each  ]iar- 
ticular  place  seem  to  demand.  In  Cleveland, "  The  City  Engineer  reserves 
the  right  after  the  bids  are  received  and  before  the  awarding  of  the  con- 
tract to  any  bidder,  to  make  such  tests  of  the  sample  bricks  deposited 
in  theEngineer's  office,  as  said  Engineer  shall  recommend  or  deem  neces- 
sary to  determine  the  durability  and  fitness  of  the  material  jjroposed  to 
be  furnished  by  such  bidder  as  shown  by  his  samples,  and  reserves  the 
right  to  hold  the  bid  not  exceeding  two  weeks  for  such  i)urpose,  and 
any  brick  not  fulfilling  the  requirements  of  the  specifications  or   that 
may  be  deemed  unfit  for  paving  purposes,  as  shown  by  such  teats,  will 
be  rejected  and  the  bid  considered  as  hot  in  conformity  with  said  speci- 
fication." 

*  Engineering  News,  April  11th  and  September  26th,  1891;  and  Engineering  and  Buildir^j 
Record,  May  2d  and  September  2Cth,  1891. 
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I  submit  for  comment  and  criticism  the  following  clause: 

The  leaving  material  shall  consist  of  the  best  quality  of]  sound,  hard 
burned  merchantable  brick,  manufactured  with  special  reference  to  use 
for  street  pavements;  all  the  brick  furnished  will  be  subject  to  test  for 
absorption,  abrasion  and  crushing.  Each  bid  shall  be  accompanied  by 
at  least  six  bricks  of  tlie  quality  which  it  is  proposed  to  use  in  the  work, 
all  plainly  stamped  with  the  bidder's  name,  and  before  the  award  of  the 
contract  the  said  tests  shall  be  made  upon  the  sample  brick  so  furnished. 
The  results  of  these  preliminary  tests  upon  the  samples  from  the  bidder 
whose  proposition  is  accepted  will  be  considered  the  standard  of  com- 
parison during  the  progress  of  the  work.  Any  one  or  all  of  the  tests  may 
be  applied  in  the  discretion  of  tlie  Engineer,  at  any  time  while  the  work 
is  in  progress,  and  whenever,  as  the  result  of  such  tests,  the  said  Engi- 
neer shall  conclude  that  material  not  eontemiilated  by  the  contract  is 
either  being  used  or  jjroposed  to  be  used,  all  of  the  same  which  he  may 
il.  signate  shall  be  immediately  removed,  etc. 

The  following  is  the  ciuality  clause  of  the  specifications  for  brick 
pavements  now  in  use  in  Eochester: 

"  All  brick  used  must  be  of  the  best  quality  manufactured  by 

,  being  uniform  in  size,  clear-ringing, 

wliole,  hard-burned,  burned  entirely  through,  tough,  free  from  brittle- 
uess  and  cracks,  and  with  true  and  smooth  faces." 

The  brick  pavements,  as  constructed  in  Eochester,  are  provided  with 
concrete  foundations  6  inches  in  thickness,  the  upper  surface  of  which 
is  made  smooth,  and  parallel  with  the  surface  of  the  pavement  to  be  laid. 
Upon  the  concrete  base,  clean,  sharp  sand,  free  from  small  pebbles,  is 
evenly  spread  of  such  thickness,  that,  after  the  pavement  has  been  laid 
and  thoroughly  rammed,  the  compacted  sand  will  l)e  1  inch  in  depth. 
Before  laying  the  concrete  the  sand  is  thoroughly  comi^acted  with  a 
0-ton  roller.  The  evenness  of  the  sand  is  insured  by  a  template  formed  to 
the  prescribed  crown  of  the  street,  which  is  laid  across  from  curb  to  curb 
and  drawn  forward  by  hand. 

The  bricks  are  set  on  edge,  vertical,  and  to  line  in  courses  at  right 
angles  to  the  curbs;  and  after  being  placed  in  position  they  are  settled  to 
place  by  ramming  with  heavy  mauls  used  on  2-inch  plank.  After  the 
ramming  the  joints  are  completely  filled  with  an  asphalt  paving  cement, 
used  hot,  and  the  joints  repaved  until  completely  filled.  In  good  work 
from  2i  to  2^  gallons  of  the  cement  are  used  per  square  yard,  and  at  a 
cost,  including  labor,  of  about  thirty  cents  for  that  area. 

I  oflfer,  in  conclusion,  the  following  views  : 

(1. )  For  light  traffic  a  brick  pavement  may  be  made  at  low  cost  in 
places  where  the  material  is  close  at  hand,  which  will  fairly  meet  the 
conditions  for  a  number  of  years. 

(2.)  For  medium  traffic  the  making  of  the  concrete  foundation  which 
ippears  necessary,  in  order  to  secure  stability,   increases  the  cost  so 
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much  that  no  special  gain  can  be  predicated,  provided  other  approved 
material  is  available. 

(3.)  For  heavy  traffic  we  as  yet  lack  the  data  to  justify  the  use  of 
brick  for  paving. 

(4.  j  In  localities  where  no  other  durable  paving  material  is  available 
the  use  of  brick  is  to  be  commended,  and  the  perfecting  of  the  material 
and  methods  of  use  have  been  of  value  to  extensive  regions,  where  this 
condition  largely  exists. 

(5. )  It  is  not  fair  to  conclude  that  what  is  best  suited  to  one  locality 
is  necessarily  the  indispensable  condition  for  successful  and  economical 
paving  in  another.  The  fitness  of  the  material  for  the  special  locality 
ought  to  chiefly  govern  the  decision  as  an  engineering  question. 

(6.)  We  need  greatly  a  definite  standard  of  quality  in  which  shall 
be  clearly  defined  by  several  difl'erent  tests  the  relative  efficiency  of  a 
number  of  the  leading  paving  materials,  in  such  manner  as  to  indicate 
the  approximate  durability  of  a  given  material  under  given  conditions 
of  use. 
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ELECTRIC  LIGHTING  AT  TOPEKA,  KANSAS. 


By  Lewis  Kingman,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


There  are  few  wants  more  necessary  in  a  well  regulated  community 
than  light.  After  securing  a  generous  supj^ly  of  pure  fresh  air,  good 
wholesome  water,  clean  streets  and  surroundings  well  drained,  we  need 
light  by  night  as  well  as  by  day.  During  the  last  few  years  many  of  our 
smaller  cities,  seeing  the  improvement  made  in  larger  places,  have 
secured  electric  light  plants.  Some,  from  a  spirit  of  rivalry,  have  gone 
into  these  enterprises  blindly,  without  counting  the  cost  or  carefully 
considering  the  questions  involved.  The  strong,  convincing  argument 
in  favor  of  the  arc  lamps  is  the  great  concentration  of  light  in  one  lamp. 
But  the  light  received  is  as  the  square  of  tlie  distance  lighted,  a  fact  that 
is  often  overlookeil. 

There  are  many  inquiries  constantly  being  made  as  to  the  cost  and 
operation  of  an  established  jjlant.  One  of  the  first  asked  is,  does  the 
city  own  its  plant  ?    A  question  in  municipal  economy  which  should  re- 
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ceive  more  attention.  That  a  city  should  be  free  to  supply  its  own  needs 
and  that  of  its  citizens  at  cost,  without  the  presence  of  middlemen  to 
overcharge  or  discriminate,  would  seem  self-evident. 

The  next  important  question  is  the  cost.  In  reply  to  such  questions, 
the  author  has  prepared  a  tabulated  statement,  taken  from  the  reports 
of  the  superintendents,  which  covers  the  operation  of  the  jolant  for  the 
last  twenty-six  months,  giving  the  number  of  nights  and  hours  run  each 
month  and  the  larincipal  elements  of  cost,  together  with  the  cost  of  fuel 
for  each  horse-power  for  one  night  and  hour. 

The  plant  belongs  to  the  City  of  Topeka;  it  was  contracted  for  in 
February,  1888,  and  furnished  by  the  Jenney  Electric  Company,  of 
Indianapolis.  There  are  one  hundred  and  eighty-four  double  carbon 
arc  lamps,  three  boilers  16  feet  long,  54  inches  in  diameter,  with  forty- 
five  flues  4  inches  in  diameter;  three  Ball  engines  of  75  horse-i50wer 
with  80  pounds  of  steam  pressure,  intended  to  run  two  hundred  and  fifty 
revolutions  a  minute,  six  dynamos  of  thirty  arc  lamp  power,  connected 
with  six  circuits  which  together  have  24.72  miles  of  line  and  33.5  miles 
of  wire;  the  line  is  suspended  upon  30-foot  cedar  poles,  and  the  lamps 
are  suspended  at  the  center  of  the  street  intersections  between  two  iO-f  oot 
poles.  Soon  after  starting  it  was  found  necessary  to  use  more  than  80 
pounds  of  steam  pressure,  and  in  doing  this  the  capacity  of  the  boilers 
was  found  inadequate,  except  with  the  best  bitiiminous  lump  coal.  From 
the  tests  and  experience  of  a  superintendent  who  was  in  charge  of  the  i 
plant  about  one  year,  it  was  found  that  the  three  engines  had  to  work 
up  to  235  horse-power  to  keep  the  lamps  burning  steadily.  The  exact 
actual  horse-power  record  has  not  been  kept  during  all  this  time. 

The  accompanying  table  shows  some  irregularities.  Owing  to  lack 
of  boiler  capacity  the  plant  has  to  be  shut  down  two  nights  each  month  > 
to  clean  them.  This  is  usually  done  on  moonlight  nights,  but  some-  ■ 
times  it  is  cloudy  and  the  moon  obscured,  much  to  the  annoyance  of  1 
our  people.  In  October,  1891,  the  plant  was  shut  down  for  fifteen  days  ■ 
to  reset  the  boilers. 

The  monthly  statements  of  the  cost  of  coal  is  for  coal  received  and 
paid  for  during  the  month;  this  comes  by  the  carload,  which  is  ordered 
as  needed,  and  very  little  is  kept  in  stock  at  any  time.  Owing  to  tlio 
lack  of  capacity  of  the  boilers,  the  poorer  and  cheaper  coal,  such  as  is 
used  by  other  electrical  plants  in  the  city,  cannot  be  burned. 

An  exiiert  tested  some  of  our  lamps  without  the  knowledge  of  the 
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superintendent  and  operators,  and  found  as  an  average  of  seventeen 
lamps  in  different  parts  of  the  city  a  jaressure  of  23.15  volts,  a  current  of 
19.0  amperes,  and  an  electromotive  force  of  439.85  watts.  The  manu- 
facturers of  electrical  plants  using  arc  lamps  have  fixed  an  arbitrary 
standard  of  their  own  for  candle-power.  Six  of  the  largest  comi^anies 
allow  from  432  to  480  watts  for  a  2  000-candle  lamp;  the  average  of 
these  is  450  watts  to  the  lamj)  or  4,44  caudles  to  the  watt.  The  author 
has  endeavored  to  find  some  reason  for  their  assumption,  but  knows  of 
noue  except  that  they  overrate  their  lamps  for  what  they  can  gain  by 
imposing  upon  their  customers.  The  best  authority  that  he  can  find 
on  the  subject  is  Gordon  Wigan,  A.  M.,  whose  work  was  printed  in 
1884  by  Cassel  &  Co.,  New  York,  and  who  makes  one  watt  equivalent  to 
1.63  caudles,  and  cites  a  test  of  candle-power  at  the  Paris  Electrical 
Exposition  of  1881,  when  the  Brush  lamp  was  tested  and  shown  to 
be  741  candle-power.  By  the  American  manufacturers'  average 
arbitrary  standard,  the  seventeen  lamps  tested  averaged  1  953  candle- 
power,  allowing  4.44  candles  to  the  watt;  but  taking  "Wigan's  and  the 
European  practice  our  lamps  are  only  717  candle-i^ower,  allowing  1.63 
candles  to  the  watt.  This  is  a  great  difference,  when  it  is  considered 
that  we  use  the  same  English  standard  candles  as  are  used  in  Europe  and 
elsewhere,  for  our  standard  in  this  country. 

The  location  of  the  electric  lamps  in  our  city  has  been  a  subject  of 
much  criticism,  with  one  lamp  at  every  other  street  intersection  ;  the 
lamps  are  about  1  100  feet  ai^art  one  way  and  800  feet  the  other;  the 
intervening  intersections  are  not  well  lighted,  which  is  hardly  fair  to  the 
people  living  there.  With  one  lamp  at  every  intersection  the  light 
would  be  of  much  more  value,  even  though  the  intensity  was  only  one- 
half  of  the  light  of  the  present  lamps. 

We  have  in  addition  to  our  electric  lamps  222  vapor  lamps  furnished 
and  lighted  by  contract  at  $1.75  per  month.  These  are  located  in  the 
outlying  districts.  People  complain  because  they  are  so  insignificant 
as  compared  with  the  arc  lamps,  and  when  one  compares  a  vapor  lamp 
of  10  candle  i^ower  with  a  700  candle  power  lamp,  it  is  not  much  to  be 
wondered  at  that  some  of  these  districts  should  complain  through  their 
representatives.  The  City  of  Topeka  is  spending  S21  260  a  year  for 
lighting  its  streets,  and  yet  people  are  not  satisfied.  About  one-half  of 
those  inside  of  the  electric'  light  district  feel  that  an  injustice  has  been 
done  them,  and  all  of  the  people  outside  of  this  district  seem  to  think 
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Cost  of  Operating  the  Topeka  Electric  Light 

The  plant  consists  of  a  building  and  lot  with  a  railroad  switch  in  the  rear;  there  are  three 
arc  dynamos  of  30  lamp-power  each.  There  are  six  circuits,  with  24.72  miles  of  line  and  33.5 
at  the  center  of  the  street  intersections  between  two  40  foot  poles,  one  lamp  to  every  other 
184  arc  lamps  rated  at  2  000  candle-power.    An  average  test  at  the  lamps  showed  a  pressure  of 


Year  and 
Month. 

Nights 
'  Run 
During 
Month. 

Hours 

Run 

During 

Month. 

Average 

Number 

of  Hours 

Run. 

Coal. 

Cost  of  Coal  per 
horse-poweb. 

Cost  of 
Carbons. 

Tons. 

Cost. 

Per  Night. 

Per  Hour. 

1889.    Nov 

Dec 

1800.    Jan 

Feb 

March  . . 

April 

May 

June 

July  .... 

August... 

Sept 

Oct 

Nov 

Dec 

1891.     Jan 

Feb 

March . . . 

April 

May 

June  .... 

July 

August... 

Sept 

Oct 

Nov 

Dec 

28 
29 
29 
26 
27 
30 
28 
27 
28 
28 
27 
25 
24 
25 
24 
21 
23 
21 
23 
23 
27 
28 
30 
16 
28 
27 

340.03 
373.47 
357.40 
298.73 
274.83 
2(;5.42 
171.92 
132.91 
146.34 
182.50 
211.69 
204.04 
206.00 
198.25 
189.17 
157.50 
158.50 
141.83 
127.05 
118.08 
138.75 
172.05 
251.05 
140.75 
244.41 
227.50 

12.14 
12.88 
12.32 
11.49 
10.18 
8.84 
6.14 
4.92 
5.22 
6.51 
7.87 
8.16 
8.. 58 
7.93 
7.88 
7.50 
6.89 
6.75 
5.52 
5.13 
5.14 
6.14 
8.37 
8.79 
8.73 
8.43 

236.0 
261.0 
222.0 
216.9 
194.85 
190.0 
156.0 
76.0 
110.4 
144.0 
154.3 
110.0 
126.35 
123.4 
122.65 
83.75 
102.80 
109.0 
101.0 
86.8 
75.13 
90.10 
108.95 
106.00 
130.45 
143.20 

$566  40 
626  40 
532  80 
520  56 
459  40 
456  00 
374  40 
182  40 
283  86 
345  00 
403  66 
361  11 
385  37 

373  70 

374  08 
249  18 
302  73 
317  42 
294  99 
264  74 
230  73 
274  80 
331  55 
323  30 
395  70 
415  28 

Cents. 
8.60 
9.19 
7.82 
8.52 
7.24 
6.47 
5.69 
2.87 
4.31 
5.25 
6.36 
6.15 
6.83 
6.36 
6.63 
5.05 
5.60 
6.43 
5.46 
4.89 
3.63 
4.17 
4.70 
8.60 
6.01 
6.54 

Cents. 
0.71 
0.71 
0.63 
0.74 
0.71 
0.73 
0.93 
0.58 
0.82 
O.80 
0.81 
0.75 
0.80 
0.80 
0.84 
0.67 
0.81 
0.95 
0.99 
0.95 
0.71 
0.68 
0.56 
0.98 
0.69 
0.77 

$110  07 
142  40 
142  40 
123  00 
123  OO 
109  67 

70  27 

50  90 

50  00 

70  27 
81  98 
79  56     j 
74  02 
83  65 

71  70     i 
65  72 

71  70 
64  80 
60  00     1 
55  20 
55  80 

72  00 
72  00 
60  00 
90  00 
90  00 

Totals 

672 

'i  isn  17 

Av.  8.08 

3  587.03 

$9  646  16 

Av.     6.11 

Av.     0.76 

$2  140  11 

Per  cent,  of  total  exnensr 

26  04 

5.79fl 

m 
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.Plant,  Owned  and  Run  by  the  City  of  Topeka. 

iboilers  and  tlirce  engines,  worked  up  to  235  horse-power;  there  are  six  .Tennoy,  Indianapolis 
miles  of  wire.  The  line  poles  are  30  feet  long,  of  which  there  are  1)43.  The  lamps  are  suspended 
intersection,  making  them  1  100  feet  apart  one  way  and  800  feet  the  other.  Together  there  are 
■J  HI")  volts  and  a  current  of  19.0  amperes,  439.85  watts,  or  1  953  nominal  candle-power. 


(  .i>t  of 

ul.'bes. 

Cost  of 
Oil  and 
Waste. 

Cost  of 
Repairs. 

Expenses 
Insurance 
Tele- 
phone. 

Pay-roll  of 
Superin- 
tcndeut 

and 
Labor. 

Interest 
on  Cost  of 

Plant,  at 
6  per cent 

Total  Cost 
Entire  Ex- 
pense, per 
Month. 

Cost  per 

Lamp  per 

Month. 

Cost  per 

Lamp  per 

100 

Hours. 

$13  50 

$22  15 

$12  15 

$32  88 

$483  32 

$277  24 

$1  517  71 

$8  25 

$2  43 

8  25 

27  27 

133  74 

29  58 

531  00 

277  24 

1  775  88 

0  65 

2  59 

18  75 

26  93 

167  97 

30  68 

497  50 

277  24 

1  694  27 

9  21 

2  58 

9  00 

23  31 

154  89 

28  58 

496  25 

277  24 

1  632  83 

8  88 

2  97 

13  00 

23  45 

180  13 

29  58 

498  00 

277  24 

1  603  80 

8  71 

3  17 

13  38 

25  29 

90  21 

32  59 

509  75 

277  24 

1  514  13 

8  23 

3  11 

8  17 

24  06 

27  47 

29  38 

508  33 

277  24 

1  319  32 

7  17 

4  17 

3  50 

32  25 

94  07 

31  83 

516  50 

277  24 

1  188  69 

6  46 

4  86 

3  50 

19  60 

100  78 

37  93 

523  38 

277  24 

1  296  29 

7  04 

4  82 

2  50 

21  36 

57  90 

32  48 

515  75 

277  24 

1  323  10 

7  19 

3  94 

5  00 

25  32 

48  95 

32  73 

516  50 

277  24 

1  391  38 

7  56 

3  56 

5  00 

22  10 

64  72 

34  48 

467  75 

277  24 

1  311  96 

7  13 

3  50 

9  00 

22  00 

79  78 

49  03 

523  41 

277  24 

1419  85 

7  72 

3  75 

3  50 

15  61 

86  11 

31  78 

525  00 

277  24 

1  396  59 

7  59 

3  83 

6  00 

19  89 

100  29 

38  08 

530  25 

277  24 

1  417  53 

7  70 

4  07 

3  50 

17  30 

195  94 

33  26 

529  50 

277  24 

1  371  64 

7  46 

4  75 

2  50 

13  83 

102  11 

36  73 

528  98 

277  24 

1  335  82 

7  26 

4  60 

3  00 

13  98 

41  35 

37  36 

525  75 

277  24 

1  280  90 

6  96 

4  90 

3  00 

10  30 

56  29 

45  56 

.'■.25  00 

277  24 

1  272  78 

6  92 

5  45 

4  00 

9  92 

56  04 

47  46 

525  00 

277  24 

1  229  60 

6  68 

5  66 

4  00 

10  36 

39  80 

40  91 

525  00 

277  24 

1  183  84 

6  43 

4  63 

2  00 

14  62 

67  57 

33  31 

525  00 

277  24 

1  266  54 

6  88 

4  00 

3  00 

20  70 

171  95 

35  61 

525  00 

277  24 

1  437  05 

7  81 

3  11 

2  00 

10  85 

730  69 

35  16 

51U  00 

277  24 

1949  24 

10  59 

7  51 

6  00 

19  50 

110  59 

35  86 

533  10 

277  24 

1  477  99 

8  03 

3  29 

4  00 

12  40 

74  29 

33  01 

525  97 

277  24 

1  432  19 

7  78 

3  43 

$159  05 

$504  35 

$3  045  78 

$905  84 

$13  420  99 

$7  208  24 

$37  036  52 

Av.  $7  74 

Av.  $3  71 

0.43 

1.36 

8.23 

2.45 

36.24 

19.46 

100.00 

Cost  of  lots  and  buildings $  8  559  33 

"     "  plant,  poles  and  wire 46  888  65 

Total  cost $55  447  98 
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they  ought  to  have  as  good  light  as  the  electric  lamps  furnish,  as  they 
are  assessed  in  the  same  proportion  as  those  who  have  them.  What  we 
need  is  a  system  of  lamps  at  every  street  intersection,  with  one  circuit 
covering  the  business  portion  of  the  city  on  which  the  lamps  shall  have 
an  intensity  of  1  000  actual  candle-power.  Then  with  circuits  covering 
the  residence  and  outlying  districts  on  which  the  lamps  shall  have  an 
intensity  of  200  candle-power.  One  objection,  perhaps,  to  this  would 
be  the  large  additional  number  of  lamps  to  clean,  adjust  and  take  care 
of ;  another  would  be  the  long  distance  for  the  transmission  of  the 
electric  current  and  consequent  loss  or  leakage. 

The  iDresent  arc  lamps  are  good,  perhaps,  perfect  in  themselves,  yet 
the  cost  is  so  great  that  a  city  occupying  a  large  territory  cannot  expect 
to  light  all  and  do  equal  justice  to  its  citizens. 

The  Edison  lamps  have  not  the  candle-power  suitable  for  street 
lighting,  but  it  would  seem  to  the  author  that  a  system  between 
the  two  would  be  more  suitable  for  many  of  the  growing  cities  in  our 
country. 

The  cleaning  of  the  arc  lamps  and  the  globes  is  a  large  item  of 
exjDense  and  is  seldom  done  perfectly.  Fifteen  -pev  cent,  of  light  is 
absorbed  by  a  good  clean  globe,  70  per  cent,  by  an  opal  globe,  and 
about  the  same  amount  by  a  dirty  globe.  The  rods  of  an  arc  lamp 
must  lie  kept  clean  or  it  will  fail  to  burn,  and  the  cleauer  is  at  once 
reminded  of  his  duty;  but  he  can  allow  the  globes  to  become  obscured 
so  that  from  50  to  70  per  cent,  of  the  light  is  absorbed  without  any 
serious  complaints  from  an  average  citizen.  Municipal  engineers  are 
largely  interested  in  the  question  of  light.  We  should  try  and  secure 
its  proper  diffusion,  that  equal  justice  may  be  done  to  all.  An  engineer 
should  first  know  what  his  city  needs,  and  then  be  able  to  advise,  and 
prevent  a  fluent  agent  of  a  strong  illuminating  company  from  selling  an 
extravagant  plant,  poorly  adapted  to  the  wants  of  its  people. 


DISCUSSION. 


John  W.  Hill,  M.  Am.  Soc.  C.  E. — For  public  street  lighting,  arc 
lamps  with  clear  glass  globes,  of  less  than  2  000  (so-called)  candle  power, 
at  all  street  intersections,  with  weaker  lamps  midway  of  blocks,  will 
probably  give  the  best  satisfaction  in  point  of  cost  and  illumination,  to 
the  people  in  the  district  lighted.  The  total  lighting  power  of  almost 
auy  town  or  village  system  of  electric  lighting  will  be  suflScient  to  fur- 
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Dish  a  satisfactory  illumination  if  this  be  divided  so  as  to  give  a  light  at 
each  street  intersection,  and  in  long  blocks  at  least  one  lamp  midway  of 
intersections. 

"While  incandescent  lamps  of  100  or  less  candle  i^ower  can  be  easily 
and  rapidly  measured  for  illuminating  power  with  the  photometer,  it  is 
much  less  convenient  to  measure  the  illuminating  j^ower  of  arc  lamps, 
and  as  a  consequence  there  is  much  guessing  at  the  capacity  of  such. 
If  it  were  not  for  the  great  cost,  I  believe  incandescent  lamps  of  100 
candle  power  j^ropei'ly  distributed  would  give  a  more  satisfactory 
illumination  of  jiublie  streets  and  highways  than  arc  lamps  ;  with  this 
objection,  however,  that  the  illuminating  power  of  arc  lamps  with  clean 
carbons  and  globes  is  a  practically  constant  quantity,  while  incandes- 
cent lights  are  steadily  on  the  wane,  and  our  100  candle  power  light, 
■which,  when  new,  may  give  150  candle  power  effect,  at  the  end  of  several 
weeks  may  have  been  worked  down  to  75  or  80  candle  power,  while  the 
cost  of  maintaining  the  lamp  will  be  the  same  at  the  lower  as  at  the 
higher  illuminating  power. 

From  some  experiments  which  I  made  several  years  ago  with  an 
isolated  Edison  Incandescent  Electric  Lighting  plant,  it  appeared  that 
the  cost  of  a  sixteen  candle  power  light  per  hour  is  about  three-fourths 
of  a  cent,  or  for  100  candle  power  lamps,  4J  cents  per  hour,  and  with  an 
average  illumination  of  twelve  hours  per  night,  the  cost  of  each  100 
candle  power  lamp  would  be  S197  per  year,  and  assuming  two  incandes- 
cent lamjjs  for  each  2  000  candle  power  arc  lamp  in  the  Topeka  lighting 
circuit  the  annual  cost  would  be  $70  920,  as  against  an  average  cost  of 
$93  jjer  lamji  per  year,  or  S16  718  per  year  for  the  whole  number  of  one 
hundred  and  eighty  lamps  now  in  use.  But  the  present  system  fur- 
nishes a  total  illumination  of  717  x  180  =  129  060  candle  power,  while  the 
three  hundred  and  sixty  incandescent  lamps  would  furnish  only  36  000 
candle  poAver,  or  while  furnishing  but  28  per  cent,  of  illuminating 
effect,  the  incandescent  system  would  cost  nearly  four  and  one-fourth 
times  as  much  as  the  arc  lighting  system  ;  or  for  the  same  total  illumina- 
\  ting  effect  the  cost  of  the  incandescent  system  would  be  fifteen  times  as 

much  as  the  cost  by  the  jDresent  arc  system  of  lighting. 
j  It  is  this  great  difference  of  cost  which  discourages  the  use  of  the 
]  incandescent  system  for  street  lighting,  although,  where  it  can  be 
afforded,  the  latter  will  give  the  most  satisfactory  results  in  public  high- 
ways by  bringing  the  lamps  nearer  together  and  closer  to  the  surfaces  to 
be  illuminated. 

E.  E.  Magovekn,  Juu.  M.  Am.  Soc.  C.  E. — Mr.  Kingman's  i)aper,  in 
its  introduction,  raises  the  interesting  question,  ajJijlicable  to  all  kinds 
of  municii^al  entei'i^rise,  should  the  city  own  its  plant  ?  It  is  difficult  to 
appreciate  how  any  intelligent  community,  excejjtional  cases  aside,  can 
come  to  any  different  conclusion,  for  electric  light  plants,  at  least,  than 
that  arrived  at  in  the  paper  in  question.  The  possible  exceptional  cases 
being  instances  where  it  would  be  cheajDer  for  a  city  to  contract  tem- 
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porarilj  for  its  electric  lighting  rather  than  bond  the  municipality  in  a 
tight  money  market  at  exceptionally  high  rates  of  interest.  The  argu- 
ments of  those  opi^osed  to  the  almost  axiomatic  answer  above  indicated 
are  found  in  a  paper  by  Mr.  M.  J.  Francisco,  read  before  the  National 
Electric  Association  in  August,  1889,  and  may  be  recapitulated  thus: 

First. — That  as  the  state  has  chartered  a  company  for  electric  light- 
ing, the  city  or  town,  as  a  composite  unit  of  the  State,  infringes  on  the 
vested  rights  of  the  chartered  company  in  providing  its  own  plant. 

Second. — That  the  cost,  if  correctly  stated,  to  the  municipality,  is  far 
in  excess  of  the  cost  when  supplied  by  a  corporation. 

Third. — If  a  municipality  can  sell  electricity  cheaper  than  private 
companies,  why  should  it  not  manage  all  other  industries  and  trades 
in  the  community  ? 

Fourth. — That  a  municipality  cannot  afford  to  take  the  same  risks 
of  development  in  apparatus  and  in  economical  management.  The 
writer's  reply  to  these  arguments  is: 

1.  That  a  charter  cannot  be  legally  granted,  giving  exclusive  rights  to 
a  corporation  over  individuals  or  municipalities. 

2.  Though  Mr.  Francisco,  in  a  subsequent  article  [Electrical  Engi- 
neer, Vol.  XI,  No.  154,  page  440),  criticises  the  list  submitted  below  as 
being  "  the  familiar  list,  which  has  proved  a  veritable  will-o'-the-wisp, 
leading  its  votaries  deeper  and  deeper  into  the  labyrinths  of  political 
necromancy,"  and  though  the  criticism  made  in  the  case  of  Chicago 
municiijal  jslants  is,  to  the  writer's  mind,  well  founded  ;  yet  the  pre- 
ponderance of  evidence  is  clearly  in  favor  of  municipal  management,  and 
until  Mr.  Francisco  is  able  to  show  that  more  conjuration  of  accounts 
occurs  with  municipal  than  with  private  plants,  the  writer  submits  that , 
a  true  basis  for  judgment  exists  in  the  much  maligned  list  [Engineei'ing\ 
Record,  Vol.  XXIV,  No.  5,  page  78). 

The  following  is   a  list   of   cities  supplied   with  light  by   private  i 
corporations  :  * 


Name  of  City. 


Kansas  City,  Mo... 

Atlanta,  Ga 

.Baltimore,  Md 

Binghamton.  N.  Y. 
Birmingham,  Ala. . 

Buffalo,  N.  Y 

Cleveland,  O 

Denver,  Col 

Duliith,  Minn . 

Jackson,  Mich 

Lowell,  Mass 

Mempliis,  Tonn. . . 
New  Bedford,  Mass 
New  Haven,  Coun. 

Richmond,  Va 

St.  Louis,  Mo 

Sedalia.  Mo 

Springfield,  111 

Troy,  N.  Y 

Wichita,  Kansas. . . 


Schedule. 


All  night. 


Moonlight — out. 
All  night. 


Number 
of  lights. 


Cost  of  light 

per  night, 

cents. 


IW 

596 
607 
123 
luO 

1  296 
100 

1297 
100 
210 
180 
100 
90 


131 

1  587 

91 

110 

297 

90 


55 

53i 

411 

36 

33 

40 

38 

53 

35 

24 

50 

50 

40 

48 

40 

20i 

38  f 
39i 
30 


Candle 
power. 


2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 

2  000 

3  000 

1  200 

2  000 
2  000 
2  000 
2  000 
2  000 
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Similarly,  the  following  is  a  list  of  cities  that  own  their  electric  light 
plants  : 


Name  of  City. 


■■  IV  City,  Mich, 
niiii-itou,  111 

ago.  Ill 

1 1. lumbal,  Mo... 
7,1  wiston,  ]Me.... 
r,ittl(>  Rock,  .■Vrk. 
Madison,  Ind.... 
St.  Joseph,  Mo... 


Schedule. 


All  night. 


Cost  of  light 
,  ,.  ,  .        per  night, 
ofl'elit«-        cents. 


134 
220 
520 
96 
96 
110 
85 
208 


16| 

20 

10 

14ii 

11§ 

13J 

13i 


Candle 
power. 


2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 
2  000 


3.  That  it  is  a  well  known  principle  that  we  cannot  logically  general- 
ize without  abstracting,  but  that  Ave  may  perform  abstraction  without 
generalization. 

4.  That  the  material  and  practical  advances  in  economy  in  electric 
lighting  are  so  slow,  that  the  municipal  ijlant,  being  less  given  to  experi- 
mentation, can  well  afford  to  adopt,  as  they  arise,  the  successful  exi^eri- 
ments  made  by  private  corporations. 

Reverting  to  the  table  of  costs  of  operating  in  Mr.  Kingman's  paper, 
it  is  readily  found  that  the  average  cost  per  night's  run  per  month 
is  25.8,  and  the  average  per  night  per  light  is  30  cents;  an  excellent  re- 
sult when  compared  with  the  figures  given  in  the  first  table,  of  cities 
supplied  with  light  by  private  corporations,  when  plants  of  the  corre- 
sponding size  and  the  location  of  the  -plant  are  considered.  Moreover, 
the  efficiency  of  the  plant,  considering  the  length  of  the  circuit,  should 
be  thoroughly  satisfactory,  as  the  following  calculation  will  show:  One 
hundred  and  eighty-four  lamps  at  439.85  watts  per  hour  equals  80  932.5 
watts  or  108.5  electrical  horse-])ower  (E.  H.  P.)  at  the  lamp,  an  efficiency 
of  over  46  ijer  cent.  The  losses,  54  per  cent.,  include  engine  friction, 
transmission  to  dynamo,  dynamo  losses,  losses  in  wire  transmission 
and  losses  at  the  lamji.  The  writer  has  seen  higher  figures  of  efficiency, 
V)ut  none  as  high  where  the  circuit  is  as  long  and  the  lights  as  few. 

The  question  of  electric  light  standards  has  been  hapjjily  presented 
l>y  Mr.  Kingman  and  is  a  subject  worthy  of  attention.  Some  years 
since,  the  writel',  while  engaged  in  an  engine  test,  in  which  a  dynamo 
had  been  j^rovided  to  furnish  the  resistance,  was  requested  by  the 
makers  of  the  dynamo  to  certify  to  the  number  of  sixteen  candle  poAver 
lamps  per  indicated  horse-power  per  hour;  the  photometer  provided, 
though  of  standard  make,  i^roved  so  unsatisfactory  that  no  certificate 
could  be  furnished.  While  the  illuminating  power  of  the  electric  light 
was  nearly  constant,  so  long  as  the  volt-ami^eres  were  constant,  it  was 
found  that  in  a  thirty-minute  run  the  illuminating  power  of  the  standard 
candle  varied  nearly  20  per  cent.     Again,  a  committee  appointed  some 
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years  ago  by  the  British  Board  of  Trade,  to  report  upon  i^hotometric 
standards,  found  that  standard  candles  from  different  makers  varied  so 
greatly  that  one  flame  would  iu  some  cases  give  16,  in  others  18  candle 
power.  Beside  this,  it  was  found  that  a  candle  varied  from  day  to  day, 
and  a  variation  was  noted  in  the  same  candle  of  12  per  cent,  in  two 
minutes.  It  is,  therefore,  of  extreme  importance  to  the  engineer  that 
some  more  stable  standard  bs  fixed;  several  of  these  have  been  j^roposed 
One,  Harcourt's,  is  the  burning  of  a  mixture  of  7  volumes  of  Pentane 
mixed  with  20  volumes  of  air  and  the  resultant  combination  burned  at 
the  rate  of  half  a  cubic  foot  per  hour  in  a  burner  of  special  design  so  as  to 
produce  a  flame  of  definite  height.  The  objection  to  this  standard  is, 
to  the  writer's  mind,  in  the  inherent  variable  character  of  Pentane,  to 
wit  ("Fowne's  Chemistry,"  edition  1878,  page  499): 

Normal  Pentane  or  Ethyl-Propyl,  C2H5 — C3H7.  Kankine  has  shown 
("Steam  Engine,"  etc..  Section  224,  page  271),  "that  the  total  heat  of  any 
compound  of  hydrogen  and  carbon  is  nearly  the  sum  of  the  quantities  of 
heat  which  the  hydrogen  and  carbon  contained  in  it  would  produce  by 
their  combustion  if  burned  separately." 

This  would  give:  Pentane,  modification,  C2H5. 
C  X  2  X  12  =  24 
H  X  5  X    1=    5 

Molecular  weight  =  29  Heat  units. 

Hence  51}  pounds  of  carbon  buined  gives,  t«  X  14  500  = 12  000 

and  -/o  pounds  of  hydrogen  burned  gives  -A,-  X  62  032  = 10  695 

giving  for  the  total  heat  per  pound  of  Pentane,  modification, 

CoH;  = 22  695 

And,  Pentane,  modification,  C3H7. 
C  X  3  X  12  =  36 
H  X  7  X     1  =    7 

Molecular  weight  =:  43 

Hence  ff  pounds  of  carbon  burned  gives  ff  X  14  500  = 12  139 

and  -/a  pounds  of  hydrogen  burned  gives  /a  X  62  032  = 10  098 

giving  for  the  total  heat  of  Pentane,  modification,  C3H7  =  .  .22  237 
The  resultant  mechanical  energy  is: 

For  C2H5,  22  695  X  772  = 17  520  540  foot-pounds. 

For  c'aHv,  22  237  X  772  = 17  166  964     " 

Prof.  Julius  Thomsen  {Philosophical  Magazine,  1865,  Vol.  30,  page 
246),  has  shown  that  the  mechanical  equivalent  of  light  is  about  12.28 
foot-pounds  per  minute,  or  736.8  foot- pounds  per  hour  per  candle  power; 
hence  the  candle  power  per  pound  is : 

C.Hs,  17  520  540  ^  736.8  = 23  779  caudles. 

C3H7,  17  166  964  -^  736.8  = 23  299       " 
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AcceiJting  Regnault's  determination  of  the  weight  of  hydrogen,  one 
litre  at  standard  pressure  and  temperature  weighs  0.0896  grams,  and 
;he  gaseous  densities  being  as  one-half  the  molecular  weights,  we  have, 
everting  to  English  measures,  1  cubic  foot  of  C2H5  weighs  .08107, 
and  1  cubic  foot  of  C'jH.  ^veighs  .1202  pounds. 

Taking  the  combination  as  above,  viz. :  7  parts  Pentane  to  20  parts 
ay  volume  of  air,  we  have  for  the  actual  weight  of  Pentane  burned  per 
andle  power  jjer  hour  : 

C\,H- .010509  pounds. 

C3H; 015581       " 

ind  taking  these  proportions  of  the  candle  power  of  1  pound  of  the  com- 
3ination,  we  have  seven  volumes  Pentane,  mixed  with  twenty  volumes 
jf  air,  and  burned  at  the  rate  of  five-tenths  of  a  cubic  foot  per  hour, 
jquivalent  to: 

Modification  :  C2H5  =  23  779  X   .010509  =  . .  .250  candles. 

Modification  :  C3H;  =  23  299  X   .015581  =  . .  .363 

It  is  evident  that  this  standard,  varying  as  just  shown,  is  as  objec- 
tionable as  that  of  a  sperm  candle,  six  to  the  pound  and  burning  at  the 
rate  of  120  grains  per  hour.  Other  proj^osed  standards  will,  when 
analyzed  as  above,  be  found  equally  objectionable.  What  is  needed  is 
an  exact  fixing  of  the  mechanical  equivalent  of  light  in  foot-pounds  per 
bour  or  minute,  and  the  requiring,  by  the  engineer,  of  a  maintenance  at 
bhe  lamj)  of  the  equivalent  volt-amperes.  The  expression  "  exact  fixing  of 
the  mechanical  equivalent  of  light "  is  made  advisedly,  as  another  experi- 
menter, Mr.  M.  G.  Farmer  (American  Journal  of  Science  and  Arts,  1866, 
7ol.  41,  page  215)  gives  such  mechanical  equivalent  as  10.1  foot-pounds 
per  minute.  The  writer  presumes  the  reason  for  the  assumption 
questioned  by  Mr.  Kingman  can  be  discovered  thus  :  33  000  foot- 
pounds per  minute  =  746  watts  per  minute,  or  1  watt  =  44.23  foot- 
pounds per  minute  ;  and  as  per  Farmer's  determination  10.1  foot- 
pounds per  minute  =  1  candle  power;  hence  44.23  -i-  10.1  =  4.37 
candles  =  1  watt.  The  figiire  quoted  by  Mr.  Kingman,  the  origin  of 
which  was  unknown  to  him,  4.44,  is  a  close  ajiproximation  to  this. 

Tlie  question  of  the  location  of  the  lamps  brings  to  remembrance 
that  a  recent  number  of  a  well  known  technical  journal  contains  the 
following  remarkable,  unqualified  statement  :  "  The  j^roper  height  at 
which  electric  arc  lights  should  be  jilaced  is  0.7  of  the  radius  of  the  area 
to  be  illuminated."  If  the  lights  were  thus  placed  in  Topeka  the 
resultant  illumination  would  indeed  be  slight.  The  writer,  in  con- 
clusion, believes  the  paper  of  Mr.  Kingman  to  be  exceptionally  valuable 
iu  that  it  shows  what  may  be  done  by  competent  engineering  sui^er- 
vision  as  opposed  to  the  happy-go  lucky  method  of  trusting  to  the  word 
of  such  an  agent  as  described,  whose  pay  is  in  direct  ratio  to  the  sales 
made,  and  independent  of  the  result  of  such  sales. 
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Lewis  Kingman,  M.  Am.  Soc.  C.  E. — Mr.  Magovera  quotes  from  the 
Engineering  Record,  Vol.  24,  No.  5,  page  78,  naming  twenty  cities  sup- 
l^lied  with  arc  lamps  by  private  corporations  and  eight  cities  that  own 
their  own  plants.  These  statements  differ  so  materially  that  one  is  led 
to  believe  the  facts  are  not  correctly  stated.  Take  Chicago,  for  instance, 
10  cents  per  lamp  all  night  would  be  $36.50  per  year  per  lamp.  On 
page  253,  Vol.  13,  No.  201  of  the  Electrical  Engineer  ih.e  editor  states  the 
cost  of  each  arc  lamp  as  being  $136.96  per  year  or  37^^  cents  per  night. 

The  City  Clerk  of  Hannibal,  Mo.,  informs  me,  April  15th,  1892,  that 
they  have  fifty-four  i3ublic  arc  lamps  and  forty-four  private  lamps,  which 
cost  the  city  $6,985.43  to  operate  last  year,  or  $71.28  per  lamp  per  year; 
this  would  be  19  J  cents  per  lamp  per  night.  The  city  collects  $4,324.70 
for  the  forty- four  private  lamps  furnished,  but  this  does  not  affect 
the  cost.  A  much  more  extended  comparative  statement  was  printed 
by  the  Water  and  Gas  Review,  Vol.  2,  No.  8,  pages  7  to  10  inclusive, 
compiled  by  Charles  Baillairge,  City  Engineer  of  Quebec,  in  a  list  of 
ninety  cities;  but  two  are  run  at  less  than  $90  j)er  lamp  per  year  on  an 
all-night  basis,  and  only  eleven  out  of  the  ninety  are  run  for  less  than 
$100  per  lamp  per  year  on  the  same  basis. 

Mr.  J.  P.  Baeeett,  of  Chicago,  writes  :  Onr  lights  are  now  costing 
about  $100  per  annum,  not  including  interest,  taxes  or  depreciation. 
Our  lamps  are  2  000  candle-power  (nominal),  601  being  high  tension 
and  392  low  tension ;  o^jerated  from  four  power  stations,  with  the  cir- 
cuits all  underground.  The  lamps  are  lighted  from  dusk  till  daylight 
every  night  in  the  year,  the  average  being  ten  hours  and  forty-five 
minutes  each  night.  The  stations  were  designed  to  have  capacity  for 
1  000  arc  lamps  of  2  000  candle-power  each.  i 
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In  Transactions  for  April,  page  416,  Kne  11,  for  built  read  ballasterl. 
Line  25,  same  page,  for  removal  read  renewal.  Page  419,  title  to  first 
column  of  table,  for  final  read  fiscal.  Page  420,  line  24,  for  semi-fine 
read  semi-fire.  Page  421,  line  27,  for  transaction  read  transactions. 
Page  425,  line  29,  for  sand  read  soil.  Line  37,  same  page,  for  repaved 
read  repoured. 

On  page  403,  add  after  the  word  "constructed,"  in  the  9th  line, 
the  words  "in  Cincinnati,"  so  that  the  sentence  shall  read,  "con- 
structed in  Cincinnati,"  etc. 


.pplied  in  other  similar  investigations,  such  as  the  determination  of 
the  loss  of  head  due  to  the  passage  of  a  certain  quantity  of  water 
IthTough  a  partially  opened  stoj)  valve. 

In  principle,  the  gauge  consists  of  two  vertical  glass  tubes,  con- 
bected  together  at  the  bottom  and  jDartially  filled  with  mercury,  while 
the  upper  ends  of  these  tubes  are  connected  with  the  water  main  by 
means  of  suitable  cocks  and  pijDing.  On  the  admission  of  the  water  into 
the  two  tubes,  the  mercury  will  be  depressed  in  one  and  raised  in  the 
Either  until  equilibrium  is  established,  whereupon  the  difference  in  the 
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heights  of  the  two  mercury  columns  is  to  be  read  off  on  a  suitable  scale, 
whose  divisions  correspond  to  known  pressures  of  water,  as  determined 
by  careful  experiment  beforehand.  In  practice,  however,  it  is  neces- 
sary to  exercise  the  utmost  care  to  expel  all  of  the  air  in  the  tubes  abovi 
the  mercury,  except  when  compressed  air  alone  is  applied  in  both,  and  fo: 
this  purpose  a  little  complication  of  the  apparatus  seems  unavoidable 

The  actual  construction  of  the  gauge  is  clearly  shown  in  Plate 
XXXVIII,  where  it  is  seen  standing  upon  the  table  used  for  operations 
in  the  field.  The  latter  consists  simply  of  a  short  piece  of  plank,  to 
which  three  equidistant  tee  branches  are  attached  by  means  of  rods,  so 
as  to  form  collars,  which  may  slide  upon  three  long  iron  stakes  driven 
into  the  ground,  and  may  then  be  fixed  to  these  stakes  by  set  screws 
after  the  plank  is  approximately  level  at  the  desired  height.  The  gauge 
is  fastened  to  the  plank  table  by  three  screws  in  the  tripod  which  forms  its 
base,  and  is  then  brought  into  a  vertical  position  by  means  of  the  level- 
ing screws  and  spirit  levels .  To  insure  absolutely  equal  initial  water 
pressure  upon  the  two  columns  of  mercury,  the  two  tubes  are  prolonged 
upward  into  a  small  reservoir  or  cistern  partly  filled  with  water;  and  H 
the  mercury  does  not  stand  at  the  same  height  in  both  tubes,  it  is  evi- 
dent that  some  air  is  contained  in  one  of  them,  which  must  be  exjielled 
by  a  judicious  manipulation  of  the  inlet  cocks.  To  prevent  the  acci- 
dental loss  of  mercury  in  this  operation,  a  hood  is  fitted  over  the 
small  cistern  mentioned,  and  is  held  in  jslace  by  a  set  screw.  After  the 
gauge  has  thus  been  adjusted,  the  two  upper  cocks  are  closed  and  the 
full  pressure  from  the  main  admitted  into  each  tul  e  from  the  inlet 
cocks.  From  time  to  time  the  pressure  may  also  be  shut  ofi",  and  the 
above-described  test  or  adjustment  repeated.  The  scale  is  mounted 
between  the  two  tubes,  and  is  provided  with  two  slides  carrying  arms 
which  extend  over  both  glasses,  so  that  one  may  be  used  on  one  glass 
and  the  other  one  on  the  other  glass.  In  case  of  considerable  fluctua- 
tion, an  observer  is  needed  for  each  tube,  and  a  good  check  on  the 
observation  will  be  gained  if  the  two  observers  change  places  after  each 
reading,  and  repeat. 

An  application  of  this  instrument  was  made  on  May  31st,  1891,  by 
John  Thomson,  M.  Am.  Soc.  C.  E.,  and  the  writer,  to  the  2-t-iuch 
inlet  pipe  of  the  distributing  reservoir  of  the  Rochester,  N.  Y.,  Water 
Works,  for  the  purpose  of  measuring  the  losses  of  head  in  the  passagej 
of  the  water  through  a  partly  opened  24-inch  stop  valve.      This  valve 
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■was  made  by  the  Lutllow  Valve  ManufactmiDg  Co.,  of  Troy,  N.  Y.,  in 
1874,  and  has  two  parallel  and  circular  cast  iron  disks,  whose  faces  are 
about  6  inches  aj^art  and  26.5  inches  in  diameter.  The  brass  rings 
forming  the  two  valve  seats  are  each  24.0625  inches  in  internal  diameter, 
as  stated  by  the  manufacturers,  so  that,  as  the  disks  are  raised  up,  a  lune- 
shaped  orifice  (governed  by  the  two  diameters  mentioned)  is  presented 
for  the  discharge  of  the  water.  The  disks  are  moved  by  means  of  a 
screw  stem  having  three  threads  per  inch  of  length,  and  they  overlap 
the  valve  seat  on  the  bottom  about  1  inch,  whereby  about  three  turns 
of  the  stem  are  required  to  bring  the  valves  to  a  full  bearing  after  the 
area  of  the  lune  has  been  reduced  to  zero  in  closing;  and,  conversely,  the 
same  number  of  turns  is  necessary  in  opening  the  valve  before  the  lower 
edges  of  the  disks  coincide  with  the  valve  seats  and  begin  to  make  an 
appreciable  width  of  orifice  of  discharge.  A  check  on  the  amount  of 
overlap  in  the  gate  valve  under  consideration  was  secured  at  the  time  of 
the  experiment  by  fully  closing  the  valve,  and  then  noting  the  number 
of  turns  of  the  screw  stem  required  in  opening  before  any  appreciable 
discharge  occurred,  as  determined  by  a  waterphone;  and  by  this  method, 
also,  the  overlap  was  found  to  be  about  1  inch,  or  three  turns  of  the 
stem. 

The  area  of  the  lune-shaped  orifice  of  discharge  for  different  positions 
of  the  disks,  or  heights  of  oi3ening,  was  computed  from  the  above 
values  of  the  diameters  as  given  by  the  manufacturers, -viz. :  d^  =  24.062 
inches,  and  c/j  =  26.5  inches,  and  the  resixlts  are  submitted  in  the  fol- 
lowing table,  the  headings  of  which  are  self-explanatory : 

Table  No.  1 — Showing  areas   of   lxjne -shaped  orifices  in  a  24-tnoh 
Ludlow  Stop  Valve  for  different  heights  of  opening. 


Number  of  turns  of 

stem  required  to 

raise  disks. 

Ratio  of  diameter  (d^) 

of  full  oritice  to  height 

of  opeaing  (nd^). 

Ratio   of   full    orifice 
(A)  to  lune-shaped 
orifice  (F). 
/  F  \ 

Area    of    lune  shaped 
orifice  of  discharge 

{F) 

(.V) 

nd. 

"  =  (t) 

in  square  feet. 

3 

0.0 

0.0000 

0.00000 

10.2 

0.1 

0.1061 

0.33524 

17.4 

0.2 

0.'i328 

0.73537 

24.6 

0.3 

0.3590 

1.13401 

31.8 

0.4 

0.1815 

1.52078 

39 

0.5 

0.5984 

1.89002 

46.2 

0.6 

0.7077 

2.23527 

53.4 

0.7 

0.8070 

2.54873 

60.6 

0.8 

0.8933 

2.82113 

67.8 

0.9 

0.9614 

3.03711 

75 

1.0 

1.0000 

3.15809 
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By  plotting  the  values  of  {m)  or  [F]  as  ordinates  to  the  correspond- 
ing values  of  (w)  or  (iV)  as  abscissas,  a  diagram  can  easily  be  constructed 
from  which  the  values  of  the  ratio  (m)  or. the  area  of  the  lune-shaped 
orifice  {F),  for  any  other  values  of  (?i)  or  (iV),  may  quickly  be  found  by 
inspection.     Such  a  diagram  is  shown  on  Plate  XXXIX. 

It  may  also  be  of  interest  to  note  the  difference  between  the  above 
values  of  the  ratio  (m)  and  those  found  by  Weisbach  in  his  experiments  i 
with  small  pipes  and  valves,  as  given  in  the  following  table: 


For:  n  = 

0 

ye 

)i 

Vs 

K 

%          Ji 

% 

1.0 

Above  Table  gives-  m  = 
Weisbach             "        m  = 

0.000 
0.000 

0.138 
0.159 

0.296 
0.315 

0.451 
0.466 

0.598 
0.609 

1 
0.733i  0.853 
0.740    0.856 

1 

0.948 
0.948 

1.000 
l.OQO 

The  relation   between  (?i)  and  (in)  cannot  be  expressed  analytically  ( 
in   convenient  form,  but  if  an  approximation  is  deemed  sufficient  for 
any  particular  puriiose,   the  following  expressions,  which  were  found 
after  a  number  of  trials,  maybe  of  service: 

(1) m  =  l.lln  —  0.17?i^  for  the  above-named  24-inch  valve;  and 

(2) TO  =  1.26?i  —  0.26m^  for  Weisbach's  valve. 

The  valve  under  consideration  is  set  on  one  arm  of  a  Y-branch  in  the 
pil^e  conduit,  and  the  taps  for  the  hose  attachments  with  the  pressure- 
difference  gauge  were  inserted  with  a  tapping  machine,  so  as  to  stand  ( 
truly  at  right  angles  to  the  surface  of  the  24-inch  cast  iron  pipes  and  ( 
without  projecting  into  the  interior  thereof.      The  relative  positions  of 
the  valve,  taps,  etc.,  is  fully  shown  on  Plate  XL. 

The  water  supply  was  derived  by  gravity  from  the  storage  reservoir ! 
through  a  continuous  line  of  cast  iron  24-inch  pipe,   about  46  219  feetij 
in  length  to  the  valve  in  question,  and  was  discharged  from  said  valveij 
into  the  distributing  reservoir  through  about  648  feet  of  similar  pipe,^ 
the  difference  in  level  between  the  two  reservoirs  being  112.89  feet  attj 
the  time  of  the  experiments.     With  the  valve  wide  open,  the  pipe  would 
accordingly  have  a  total  length  {I)  of  about  46  867  feet,  a  total  head  (A) 
of  112.89  feet,  and  a  nominal  diameter  ((/)  of  2.0  feet.     The  actual  mean 
diameter  of  the  conduit  is  probably  a  little  greater  than  24  inches,  since 
a  refcent  measurement  of  a  few  remaining  i^ieces  of  the  lightest  class  of 
the  original  lot  of  pipes  gave  a  diameter  of  24.84  inches,  while  in  the 
heaviest  class  the  diameter  was  23.97  inches,   thus  indicating  that  the 
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(3) 
(4) 


Q  =.  44.964  v/rf^s  =  44.964 


specified  variatious  in  shell  thickness  for  the  different  classes  of  24-iuch 
pipe  used  in  the  construction  of  the  condiiit,  were,  in  some  instances 
at  least,  effected  by  increasing  the  interior  diameter  above  the  24  inches 
i-equired  for  the  thickest  pipe.  It  may  also  be  remarked  that  none  of 
the  heaviest  class  of  such  pipe  was  used  between  the  aforesaid  reservoirs. 
Assuming  that  the  mean  diameter  of  the  conduit  is  exactly  24  inches,  it 
was  found  from  other  recent  gaugiugs  that  the  discharge  from  said  pipe 
may  be  computed  approximately  from  the  formulas  : 

V  =  114.5  ^^7s  =  57.25     ^^-  =  0.37399  Vh;  and 

KZ^  =  1.17491  ^k, 

•where  {v)  denotes  the  mean  velocity  in  feet  per  second,  and  ( Q)  the  dis- 
charge in  cubic  feet  per  second  ;  also  where  the  last  expressions  for  (w)  and 
(Q)  result  from  the  substitution  of  the  above  numerical  values  for  {d)  and 
{I).  Both  of  these  expressions  will  be  usefvil  for  finding  tbe  velocity 
or  dischai'ge  when  the  valve  is  jjartially  closed,  in  which  case  it  will 
only  be  necessary  to  substitute  for  [h)  the  difference  between  the  total 
fall  of  112.89  feet  above  mentioned  and  the  observed  loss  of  head  in 
passing  through  the  valve. 

Previous  to  making  the  experiments,  the  mercury  gauge  bad  been 
carefully  calibrated  in  the  office  at  a  temperature  of  about  65  degrees 
Fahr. ,  the  water  used  at  the  time  being  about  50  degrees  Fahr.  The 
results  thus  obtained  were  as  follows : 


Measured  Head  of  Water 
in  Feet. 

Observed  Difiference  in 
height  of  Mercury 
Columns  in  Inches. 

Deduced  Equivalent  of  1  Inch 

of  Mercury  in  Feel 

of  Water. 

1.0 
2.0 
3.0 
4.0 
5.0 

0.955 
1.905 
2.870 
3.800 
4.7G5 

1.0471 
1.0499 
1.0453 
1.0526 
1.0493 

Average  =  1.0488 

The  scale  was  graduated  into  inches  and  tenths,  and  with  the  vernier 
on  the  sliding  arm,  readings  could  be  taken  directly  to  hundredths  of 
an  inch,  while  the  thousandths  were  estimated.  As  any  slight  error  of 
observation  is  relatively  greater  for  the  head  of  1  foot  than  for  the 
greater  heads,  the  first  observation  may  be  rejected,  whereupon  the 
average  of  the  remaining  four  observations  will  give  a  head  of  1.0493 
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'  feet  of  water  to  balance  a  liead  of  1  inch  of  mercury  in  the  gauge,  and 
this  factor  has  accordingly  been  adopted  in  the  reduction  of  the  follow- 
ing observations.  It  may  also  be  remarked  in  this  connection  that  the 
glass  tubes  were  not  quite  of  equal  bore,  one  being  a  little  over  and  the 
other  a  little  under  three-eighths  of  an  inch  in  diameter  at  each  end. 

After  the  gauge  had  been  connected  to  the  24-inch  pipe  on  each  side 
of  the  valve,  and  properly  adjusted  as  above  described,  the  following 
observations  were  made  :     (See  Table  No.  2.) 

It  should  be  remarked  that  in  attempting  to  test  the  adjustment 
of  the  gauge  after  the  second  observation,  some  of  the  mercury  was 
blown  out  through  carelessness,  so  that  the  experiment  had  to  be  con- 
tinued with  the  remainder.  A  subsequent  calibration  of  the  gauge, 
however,  showed  no  aj^preciable  diiference  from  the  one  obtained  origin- 
ally, and  hence  the  above  factor  (1.0493)  for  reducing  heads  in  inches  of 
mercury  to  feet  of  water  has  been  retained.  The  Crosby  spring  jiressure 
gauge  referred  to  in  Table  No.  2,  is  used  for  ascertaining  the  loss  of 
head  approximately,  in  comparison  with  the  observed  dejoth  of  water  iij 
the  reservoir,  and  is  connected  with  the  conduit  pipe  independently 
from  a  tap  located  about  14  feet  above  the  24-inch  valve.  The  records 
of  this  spring  gauge  are  of  interest  here,  only  in  so  far  as  they  show  a 
noticeable  lack  of  sensitiveness  in  the  instrument  for  the  purpose  of  such 
experiments. 
Table    No.    2. — Giving    Recced    of  Observations    with    Pkessuee- 

DlFFERENCE     GaUGE    FOE     YAEIOUS    HEIGHTS    OF     QPENING    OF    24:-INCH 
VALVE. 
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Several  hours  were  sjient  in  making  the  observations  recorded  above, 
and  much  care  was  taken  to  obtain  accurate  results.  The  maximum  and 
minimum  heights  in  the  two  tubes  were  taken  simultaneously  by  an 
observer  at  each  tube,  who  adjusted  one  of  the  two  slides  to  the  level  of 
the  mercury  and  uttered  a  call  when  coincidence  occurred.  No  reading 
of  the  scale  was  taken  until  at  least  two  calls  were  pronounced  simultane- 
ously, and  to  verify  the  observation  the  observers  changed  places  and 
repeated  the  calls.  In  every  instance,  also,  several  minutes  were  allowed 
to  elajise  after  changing  the  ijosition  of  the  valve  disks  before  making 
an  observation,  in  order  to  allow  a  uniform  flow  to  be  established;  and 
it  may  be  remarked  that  any  change  of  the  disks  was  immediately  fol- 
lowed by  an  alteration  in  the  heights  of  the  mercury  columns,  which 
appeared  to  remain  constant  until  another  change  of  the  disks  occurred. 

As  will  be  seen  from  the  records,  there  was  much  oscillation  of  the  mer- 
cury in  the  two  tubes  while  the  disks  were  raised  only  a  few  inches  above 
the  valve  seat,  and  it  will  also  be  noticed  that  the  amplitude  of  these 
oscillations  gradually  diminished  as  the  opening  became  larger.  After 
the  disks  had  been  fully  raised,  however,  there  was  still  a  considerable 
oscillation  even  after  a  long  interval  of  time,  which  may  be  attributed 
either  to  variations  of  barometric  pressure  at  the  two  reservoirs,  or  to 
eddies  in  the  water,  or  to  both  of  these  causes  conjointly.  The  same 
oscillation  was  also  observed,  both  previous  and  subsequent  to  these 
exjierimeuts,  on  applying  the  gauge  to  the  same  line  of  pipe  at  a  locality 
about  6  miles  distant  from  the  distributing  reservoir,  and  at  a  time  when 
no  change  whatever  was  made  in  any  valve  or  other  fixture  on  the  line. 
No  regularity  in  these  fluctuations  could  be  detected,  either  in  respect 
to  time  or  magnitude,  and  hence  the  writer  is  inclined  to  ascribe  them 
more  to  sudden  variations  in  atmospheric  pressure  at  the  two  basins  of 
water  9  miles  apart,  than  to  eddies  in  the  current  flowing  through  the  pipe. 

It  will  be  observed  from  Table  No.  2  that  even  after  the  24-inch 
Talve  had  been  fully  oj^ened,  a  loss  of  head  of  0. 135  inches  of  mercury 
was  still  indicated  by  the  gauge.  This  loss  is  obviously  due  to  the  fric- 
tion in  a  length  of  17.10  feet  of  pipe  and  special  casting,  combined  with 
changes  both  in  direction  and  sectional  area.  To  find  the  loss  of  head 
caused  by  the  valve  disks  alone,  this  quantity  should  be  deducted  from 
the  total  losses  of  head  in  the  last  column  of  said  table,  and,  as  its  magni- 
tude will  probably  not  undergo  material  change  within  the  range  of  the 
experiments,   it  may  be  regarded  as  constant.     Before  making  this  de- 
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duction,  however,  it  will  be  of  interest  to  ascertain  some  notion  of  the 
law  governing  these  losses  of  head,  and  for  this  i^urpose  they  have  been 
plotted  on  Plate  XXXIX  as  ordinates  to  the  corresjionding  degree  of 
opening  of  the  valve,  or  number  of  turns  of  the  stem,  as  abscissas. 
Through  most  of  the  points  thus  obtained  it  is  easy  to  pass  a  continuous 
and  ajiparently  regular  curve  by  bending  a  flexible  steel  or  wooden  rod, 
and,  as  is  usual  in  all  such  cases,  it  will  be  assumed  that  this  curve  will 
represent  the  law  more  correctly  than  the  actual  observations.  By  this 
means  a  new  series  of  values  for  the  losses  of  head  in  inches  of  mercury 
will  be  obtained,  from  which  the  aforesaid  deduction  of  0.135  inch  for 
friction,  etc.,  can  be  made,  whereupon  the  reduction  into  feet  of  water, 
as  well  as  other  operations,  may  follow.  In  Table  No.  3  the  figures 
given  in  the  fourth  column  are  the  observed  losses  of  head,  as  in  Table 
No.  2  ;  those  in  the  fifth  column  are  obtained  from  the  said  curve 
drawn  to  a  large  scale,  and  are  designated  as  "corrected  total  losses  of 
head  ";  those  in  the  sixth  column  are  obtained  by  subtracting  0.135  from 
the  figures  in  the  preceding  column,  as  above  mentioned,  and  represent 
the  probable  losses  of  head,  expressed  in  inches  of  mercury,  from  the 
valve  disks  alone;  while  the  seventh  column  gives  the  same  expressed 
in  feet  of  water,  using  the  factor  1.0493  as  already  mentioned.  The 
remaining  columns  are  sufficiently  characterized  by  their  headings. 
Table  No.  3. — Showing  losses  of  head  due  to  Valve,  together 
WITH  Coefficient  for  computing  such  loss. 


Number 

Ratio  of 

of  Turns   of 

diam.  of 

Valve  Stem 

full  ori- 

In Opening. 

fice  (dj 

to 

height 

y    s 

of  open- 

g a  CO 

ing 

S  2  ?; 

nd. 

«     ^ 

di 

1 

S 

3 

16 

13 

a 

17 

14 

18 

15 

5*t 

21 

18 

>i 

27 

24 

H 

30 

27 

% 

S3 

30 

r% 

36 

33 

a 

39 

36 

v» 

46 

42 

TI 

61 

48 

% 

75 

72 

1 

13  ^ 


5W^ 


8.980 
7.855 
6.87-1 
5.2GJ 
2.847 
2.112 
1.564 
1.218 
0.8!I8 
0.495 
0.315 
0.135 


8.980 
7.855 
7.000 
5.190 
2.845 
2.115 
1.595 
1.195 
0.895 
0.495 
0.315 
0.135 


Corrected  Loss  of 
Head  due  to 
the  Valve  Disk-s 
alone. 


6 

8.845 
7.720 
G.865 
5.055 
2.710 
1.9H0 
1.460 
l.OCO 
0.760 
0.360 
0.180 
0.000 


9.281 
8.100 
7.203 
5.304 
2.844 
2.078 
1.532 
1.1 12 
0.797 
0.378 
0.189 
0.000 


P4  S 


O   CO 

a  ^ 


li 


S-°' 


^  a- 


8 

103.61 
104.79 
105.09 
107.59 
110.05 
110.81 
111.36 
111.78 
112.09 
112.51 
112.70 
112.89 


.-SCO 


IS 


3.8068 
3.8284 
3.8448 
3.8792 
3.9233 
3.9368 
3.9466 
3.9540 
3.9595 
3.9669 
3.9703 
3.9736 


•^ 


lO 

41.205 
35.657 
31.3.50 
22.677 
11.888 
8.626 
6.328 
4.576 
3.271 
1.546 
0.771 
0.000 


11 

43.00 
35.00 
28.00 
17.00 
7.92 
6.52 
3.9T 
2.87 
2.06 
1.11 
0.67 
0.00 


KUICHLING    ON    LOSS    OF    HEAD    FROM   STOP   VALVE.  447 

The  numerical  values  of  the  loss  of  head  due  to  the  valve  disks  alone, 
as  given  in  the  seventh  column  of  Table  No.  3,  may  also  be  plotted  as 
ordinates  for  the  corresponding  number  of  turns  of  the  valve  stem  in  the 
second  column  as  abscissas,  thus  obtaining  another  curve  similar  to  the 
one  referred  to  in  the  foregoing  paragraph.  To  avoid  confusion  in  the 
diagram,  this  curve  has  been  omitted  from  Plate  XXXIX.  It  -will,  how- 
ever, be  of  interest  to  ascertain  the  equation  of  this  curve,  and  hence  also 
an  expression  of  the  law  governing  the  losses  of  head  mentioned.  For 
this  purpose,  we  denote  the  degree  of  opening  of  the  valve,  as  given  by 
the  number  of  effective  turns  of  the  stem  in  the  second  column  of  Table 
No.  3  by  (.r);  the  loss  of  head  due  to  the  disks  alone,  as  per  seventh 
column  of  said  table  by  (?/) ;  the  total  fall  in  the  conduit  by  i7  =  1 12 .  89 ; 
and  the  number  of  eflfective  turns  of  the  stem  to  fully  raise  the  disks  by 
(7=  72.  Since  the  loss  of  head  (y/)  cannot  under  ordinary  circumstances 
become  greater  than  H,  we  have  at  once  the  first  condition,  that  for 
X  =  0,  y  =  H;  and  as  the  loss  of  head  (?/)  is  inappreciable  after  the  disks 
are  fully  raised,  there  follows  the  second  condition,  that  for  .t  =  C,  y  =  0. 
To  satisfy  these  conditions  the  equation  must  have  the  form  y  =  H  -\- 

ax^  _j_  bx^^  -f- After  a  number  of  trials  the  writer  found  that  the 

expression : 

(5) ^  =  112.89  +  9.98  y~  — 84.00  V^^ 

gives  values  for  [y)  which  correspond  fairly  well  with  those  in  the 
seventh  column  of  Table  3.  A  somewhat  closer  correspondence  can 
be  obtained  by  using  more  complicated  fractional  exponents  for  the 
terms  involving  {x),  with  other  coefficients;  but  as  the  use  of  such  fac- 
tors is  very  tedioiis,  only  the  simplest  form  has  been  given. 

It  is  customary  with  the  authors  of  modern  text-books  on  hydraulics 
to  cite  the  results  obtained  by  Weisbach  in  his  fxperiments  with  valves 
of  relatively  small  diameter;  and  in  order  to  comj^are  the  foregoing 
figures  with  the  latter,  Weisbach's  method  of  expressing  the  loss  of  head 
(y)  in  terms  of  the  mean  velocity  [v)  in  the  conduit  may  now  be  applied. 
To  find  this  velocity,  the  values  oili  =  H  —  y  in  the  eighth  column  of 
Table  No.  3  are  to  be  substituted  in  the  above  equation  3,  viz., 
V  =  0  37399  x/^  whence  the  figures  given  in  the  ninth  column  of  said 
table  are  obtained;  and  to  express  the  relation  between  {y)  and  (v),  we 

may  place  with  "Weisbach:  ?/  =  ?  -r— ,  or  ^  =       :,    '     From  Pierce's  for- 

mula  for  the  acceleration  of  gravity  {g)  we  also  have,  for  the  locality  of 
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our  experiments,  where  the  latitude  is  about  43  degi-ees  -with  an  eleva- 
tion of  about  630  feet  above  the  sea,  1g  =  64.339;  and  from  these  ele- 
ments the  values  of  (?)  given  in  the  tenth  column  of  Table  No.  3  have 
been  computed.  The  results  found  by  Weisbaeh,  however,  are  always 
tabulated  for  a  series  of  ratios  [ii]  of  the  diameter  (r/j)  of  the  full  orifice 
to  the  height  {nd^  of  the  lune-shaped  orifice,  which  is  somewhat  differ- 
ent from  the  ratios  occurring  in  our  experiments,  as  given  in  the  third 
column  of  said  Table;  and  in  order  to  institute  a  proper  comparison,  it 
is  necessary  to  obtain  Weisbaeh 's  values  (Ci)  corresponding  to  the  latter 
ratios.  For  this  purpose  the  values  of  (d)  have  been  plotted  as 
ordinates  to  the  corresponding  values  of  [ii)  as  abscissas;  and  since  there 
is  a  fixed  relation  between  the  ratio  (ii)  and  the  number  (.c)  of  effective 
turns  of  the  valve  stem,  it  was  easy  to  obtain  from  the  resulting  diagram 
the  value  of  (Cj)  corresjjonding  to  other  values  of  in)  or  [x].  For  the 
particular  values  of  («)  or  (a;)  here  considered,  the  values  of  Weisbach's 
coefficient  (Ci)  are  given  in  the  eleventh  column  of  Table  No.  3. 

The  comparison  of  our  values  of  the  coefficient  (C)  with  those  given 
by  Weisbach's  experiments,  shows  a  fair  agreement  only  in  the  first 
three  entries  of  Table  No.  3,  where  the  height  of  the  lune-shaped 
opening  is  less  than  one-fourth  of  the  diameter  of  the  pipe  or  valve. 
For  the  remaining  cases  the  values  of  (C)  and  (d)  differ  greatly  until  the 
valve  has  been  raised  nearly  three-fourths  of  the  whole  diameter,  where- 
upon they  begin  to  approach  each  other  again. 

Attempts  were  also  made  to  express  analytically  the  relation  of  the 
coefficient  (C)  to  the  ratio  (n)  of  the  diameter  (f/j)  of  the  full  valve 
opening  to  the  height  {nd-^  of  the  lune-shaped  opening,  but  without 
much  success.  Since  s  =  0  for  n  =  1,  and  C  =  oo  for  ti  =  0,  it  is  obvious 
that  such  relation  must  have  the  general  form  of — 

^  =  ''(^)"  +  '(^)'  + =  "^  +  "2'  + 

1 n 

where  for  brevity  we  may  place  Z  = .     The   most  satisfactory  of 

the  various  forms  tried  are — for  the  coefficient  (?)  derived  from  our  ex- 
periments— 

(6) ?  =  Z-  (49354  -f  0.0614  7r)  —  Z  (0.8284  +  0.8974  Zr), 

and  for  the  coefficients  (?,)  from  Weisbach's  experiments — 

(7) ?i  =  Z-  (2.21129  -f  0.01903  Z^  —Z  (0.00648  -f  0.16384  Zr), 

or,  the  simpler  form: 

(8)   Ci  =  0.1  -/Z  +  1.98  Z-. 
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To  indicate  bow  closely  these  equations  correspond  with  the  experi- 
mental results  obtained  by  the  writer  and  by  Weisbach  respectively,  a 
series  of  computations  from  said  equations  have  been  carried  out  in  the 
following  Table  No.  4.  Similar  agreements,  but  not  exact  ones 
throughout,  were  obtained  with  fractional  exponents  ;  and  as  the  use  of 
such  e.vpressions  is  too  tedious,  they  were  discarded  in  favor  of  the 
simpler  exj^ressions  mentioned.  The  law  governing  the  relation  of  (?) 
to  (n)  is  proliably  quite  complicated,  as  may  be  seen  by  substituting  for 
(y)  in  the  expression  for  (C),  its  value  as  given  by  equation  5,  along  with 
the  value  of  {v)  from  equation  3. 

Table  Xo.  4. — Showing  Comp.vrison  of  Experimentaij  and  Computed 
Results  for  the  Coefficient  (?). 


No.  of  Turns  of 
valve  stem  in 

Ratio  of  Diameter 
of  full  orifice  (d,)  to 
height  of  opening 

(ndj) 

Factor 

z  =  '-^ 

n 

Coeflacient  i  =  ^ 

Values  of  Coefficient 
(f)  Computed  from 

openiiiK. 

Estimated  from 

valve  seat. 

Computed 
from  pres- 
ent Experi- 
ments. 

Given 

by 
Weis- 
bach. 

Eq.  6. 

Eq.  7. 

Eq.  8. 

0 

0 

i 

i 
f 

H 
f 

H 
1 

00 

7 

2 
§ 
5 

\ 

0 

00 

75.649 
40.057 
35.554 
31.679 
22.677 
11.8b8 
8.815 
6.287 
4.553 
3.271 
1.717 
1.094 
0.711 
0.240 
0.019 
0.000 

00 

97.80 

CO 

9 

*97.80 

43.00 

35.00 

28.00 

*17.00 

7.92 
*5.52 

3.97 

2.89 
*2.06 

1.11 
*0.81 

0.57 
*0.26 
*0.07 

97.28 

13 

41.205 
35.557 
31.350 
22.677 
11.888 
8.626 
6.328 
4.576 
3.271 
1.545 

14 
15 

30.17 

34.19 

18 
24 

17.00 

17.99 

27 
30 
33 

5.53 
3.95 

5.50 
4.00 

36 
42 

2.06 

2.08 

45 

0.76 

0.79 

48 

0.771 

64 

0.238 
0.044 
0.00 

0.277 

63 

0.077 

72 

0.000 

It  will  be  observed  that  the  dilTerence-gauge  above  described  meas- 
ures directly  the  loss  of  head  due  to  the  lune-shaped  orifice  formed  by 
partially  opening  the  24-iuch  stop  valve,  and  it  has  occurred  to  the 
writer  that  in  cases  where  said  loss  is  known  the  discharge  might  be 
compmted  directly  if  the  coefficient  of  discharge  for  such  an  orifice 
were  known.  From  the  foregoing  data  it  is  easy  to  compute  this  co- 
efficient for  the  present  case,  by  regarding  the  opening  as  a  submerged 
orifice  discharging  under  the  head  {y),  from  Table  No.  3,  and  the  area 
(F),  from  Table  No.  1,  in  which  event  we  have  the  well-known  exjjression — 


e  =  „^^/2,,;„r,„  =  ^=; 


The  figures  marked  with  an  *  are  given  directly  by  Weisbach.    The  remaining  figures  in 
this  column  are  deiived  by  scale  from  plotted  curve. 
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where  (Q)  denotes  the  discharge  in  cubic  feet  per  second,  (F)  the  area 
of  the  lune  in  square  feet,  (y)  the  head  in  feet,  and  (/O  the  required  co- 
efficient. Let  us  also  denote  by  (A)  the  area  of  the  complete  circle 
formed  by  fully  raising  the  gate,  which,  in  cases  like  the  present,  is  the 
same  as  the  sectional  area  of  the  24- inch  pipe,  and  by  {H)  the  total  fall 
between  the  two  reservoirs,  thus  leaving  the  effective  head  or  fall  in  the 
conduit  or  pipe  =  h  =  H-  y,  with  the  length  =  /.  The  discharge  of 
the  pipe  may  be  then  represented  by  §  =  cAV K  as  in  equation  4;  and 
by  substituting  this  latter  value  of  (§)  in  the  above  equation  for  the 
coefficient  (/O,  and  combining  the  several  constants,  we  obtain 

A      \h       0.14648     \h 
(9) /'=  0.046625-^^-  =  —^^^^-. 

As  the  values  (v/)  and  [li]  are  given  in  columns  7  and  8  of  Table  No. 
3,  for  various  degrees  of  valve  opening,  and  the  corresponding  values 
of  {F)  are  readily  obtained  either  by  interpolation  in  the  fourth  column 
of  Table  No.  1,  or  by  scale  from  the  curve  of  [F)  on  Plate XXXVIII,  the 
values  of  (/^  may  now  be  easily  computed,  and  then  plotted  as  ordinates 
in  a  diagram  as  before.  The  results  of  this  computation  are  given  in 
the  following  table : 

Table  No.  5.— Showing  Values  of  Coefficient   of  Dischakge  when 
THE  Valve  Opening  is  considebed  as  a  Submekged  Obifice. 


Number  of  Turns  of  valve 
stem  in  opening. 

Eatio  of 

Diameter  of 

full  orifice  (dj 

to  height  of 

opening 

(nd.) 

nd. 

Area  of 
orifice  (Fj. 
Square  teet. 

Loss  of  head 
due  to  valve 
disks   alone 

(y)- 

Feet. 

Net  fall  in 
entire  pipe 
line  between 
reservoirs. 
h={H-y). 
Feet. 

Computed 

coefficient 

of  discharge 

Total. 

Estimated 

from  valve 

seat. 

through 
orifice 

3 
16 
17 
18 
21 
27 
30 
33 
36 
39 
45 
51 
75 

0 
13 
14 
15 
18 
24 
27 
30 
33 
36 
42 
48 
72 

0 

72 
TIB 

1 

0.00000 
0.65760 
0.71315 
0.768 
0.934 
1.266 
1.427 
1.584 
1.738 
1.890 
2.180 
2.446 
3.15809 
1 

112.890 
9.281 
8.100 
7.203 
5..'<04 
2.844 
2.078 
1.532 
1.112 
0.797 
0.378 
0.189 
0.000 

0.00 
103.61 
104.79 
105.69 
107.59 
110.05 
110.81 
111.36 
111.78 
112.09 
112.51 
112.70 
112.89 

a* 
0.74424 
0.73876 
0.73058 
0.70633 
0.71972 
0.74957 
0.78840 
0.84499 
0.91910 
1.15920 
1.46230 

00 

*  At  the  limit  of  n  =  0,  we  have  from  equation  9,  ^  =  oo  or  °  ,  since  J"  =  0.  DoubUess 
the  proper  value  is  ^  =  »  .  si^co  the  values  of  M  from  equation  9  steadily  increase  as  (n) 
decreases  from '.UowardO.  Thus,  if  wc  a.sume  that  equation  5  correctly  represents  the 
relatTon  of  ,„  to  the  number  of  effective  turns  of  opening,  we  will  have  for  an  opemng  of 
only  four  turns  y  =  21.97  feet,  h  =  90.92  feet,  and  F  =  0.16  square  feet,  whence  ^  =  1.802. 
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From  tlie  figures  in  the  last  column  of  the  foregoing  table,  the  pecu- 
liar variation  in  the  value  of  the  coefficient  (//)  is  readily  ijcrceived,  and 
can  be  made  more  apparent  when  these  values  are  plotted  as  ordinates. 
While  under  ordinary  t-ircumstances  where  the  disL-harge  occurs  from  a 
higher  into  a  lower  reservoir  with  known  difference  of  level,  the  use  of 
the  foregoing  coefficient  (//)  would  not  be  desirable,  yet  there  are  often 
cases  where  it  is  difficult  to  determine  correctly  the  value  of  [H],  and  in 
such  cases  the  discharge  through  a  throttled  stop  valve  may  be  comi^uted 
with  fair  accuracy  by  means  of  this  coefficient  when  {F)  and  (y)  are 
known.  For  any  particular  valve,  the  values  of  [F)  can  easily  be  com- 
puted, as  in  the  present  case,  and  by  means  of  the  mercurial  difference- 
gauge  above  described,  the  values  of  [y)  are  readily  obtained. 

It  is  also  of  interest  to  note  the  irregularity  in  the  curve  for  {ju) 
which  aj^pears  in  the  diagram  between  the  twelfth  and  nineteenth  turn 
of  the  valve  stem  in  opening,  estimated  from  the  top  of  the  valve  seat. 
This  irregularity  i.s  obviously  due  to  some  slight  errors  in  obtaining  the 
loss  of  head  with  the  pressure-difference  gauge,  owing  to  the  consider- 
able fluctuations  of  the  mercury  at  these  stages  of  valve  oi^ening. 
There  is  no  reason  why  the  said  curve  for  (//)  should  not  be  regular 
and  continuous  throughout;  and  the  computation  of  the  vahies  of  (/<) 
has  accordingly  proved  to  be  not  only  an  excellent  check  on  the  genei'al 
correctness  of  the  gauge  observations,  but  also  an  indicator  of  the 
locality  of  possible  errors  in  such  observations. 


DISCUSSION. 


Clemens  HERSCHEii,  M.  Am.  Soc.  C.  E. — I  did  not  intend  to  say  any- 
thing on  this  paper,  although  it  is  one  of  those  contributions  to  the 
Th-ansad ions  of  the  Society  which,  to  my  mind,  mark  a  distinct  advance, 
even  though  it  be  in  only  a  small  branch  of  hydraulics,  but  still  an 
advance,  clearly  and  distinctly;  a  contribution  of  something  new  in 
engineering  literature.  It  goes  without  saying  that  I  am  highly  pleased, 
nay,  delighted,  with  the  i)aper.  The  treatment  of  the  subject  is  a 
broad  one;  it  is  handled  in  a  masterly,  in  an  exhaustive,  manner,  and 
the  results  are  such  as  may  undoubtedly  be  used  in  future  by  others. 

Comimrison  is  made  in  the  paper  with  results  found  by  Weisbach; 
and  I  think  that  there  is  not,  i:»erhaps,  sufficient  emphasis  given  to  the 
fact  that  whereas  these  experiments  were  made  on  a  2-foot  valve,  all  of 
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Weisbach's  experiments  were  made  on  small  valves,  say  1,  1^  and  J 
inch  valves.  This  might  be  called  an  experiment  out  in  the  open,  in 
the  field,  while  Weisbach's  were  laboratory  experiments.  Under  these 
circumstances  the  differences  in  the  results  of  these  experiments  from 
Weisbach's,  instead  of  surprising  anyone  as  differing  from  them,  should 
excite  surprise  as  to  their  being  so  nearly  alike  with  them.  One  thing  has 
pleased  me  very  much — a  person  always  likes  to  see  the  influence  of  his 
own  work  showing  itself  in  course  of  time  in  other  people's  writings — 
viz.,  the  use  of  what  is  called  the  difference  gauge;  and  finally  the  rating, 
as  we  may  call  it,  of  this  2-foot  valve  for  jsuri^oses  of  a  water  meter,  by 
observing  the  differences  of  pressure  on  the  two  sides  of  the  valve. 
Some  members  of  the  Society  may  remember  that  a  coujjle  of  years  ago 
I  read  a  paper  on  what  was  called  the  Venturi  water  meter,  one  that  I 
tested  in  a  pipe  of  9  feet  diameter,  also  in  a  1-foot  pipe,  and  have  since 
tested  it  in  a  4-foot  and  a  1-inch  pipe,  which  mdter  was  based  on  this 
same  idea  of  differences  of  pressure;  that  is,  gauging  the  quantity  of 
water  flowing  through  a  pipe  and  through  this  meter,  by  observing 
simply  the  differences  of  pressure  at  two  points  in  the  meter.  That 
meter  has  been  sufficiently  tested  now  to  prove  it  a  valuable  instrument. 
In  it  the  coefficient  is  a  constant,  within  ordinary  limits,  whereas  in  Mr. 
Kuichling's  2-foot  valve,  the  coefiicient  naturally  varies  between  wide- 
limits  as  portrayed  on  his  curve  of  these  coefficients. 

The  subject  taken  as  a  whole  is,  of  course,  only  a  simple  thing;  although 
we  can  all  appreciate,  that  to  work  it  out  and  portray  it  in  all  its  parts- 
was  the  labor  of  a  good  many  days,  and  had  to  be  done  with  the  greatest 
care  and  discretion  in  order  to  reach  reliable  results.  I  mean  when  I 
say  it  is  a  simple  thing,  that,  after  all,  it  is  only  the  rating  of  a  2-foot 
valve;  but  little  by  little  the  whole  science  of  hydraulics  is  built  up  of 
just  such  simple  things.  I  can  only  regret  that  hydraulic  engineers  are 
not  more  frequently  in  position  to  make  experiments  of  this  sort.  I 
believe  it  was  Galileo  who  said  that  it  was  a  matter  of  grief  to  him,  that 
he  could  learn  more  about  the  course  of  the  stars  and  planets  than  he 
could  about  the  flow  of  water  right  on  the  earth  which  he  inhabited. 
What  he  regretted  is  true  to  this  day.  In  the  case  in  hand  Mr.  Kuich- 
ling  has  been  luckily  so  placed  that  he  has  been  ab^e  to  give  us  the- 
action  of  water,  as  it  flows  through  a  2-foot  valve,  and  we  have,  in  con- 
sequence, gained  that  much  for  the  cause  of  hydraulics. 

As  to  the  subject  of  jjulsations  in  flowing  watex*,  I  rt^member  very 
well  when  Mr.  D.  Farrand  Henry  was  at  work  on  the  Detroit  River,  being 
in  correspondence  with  him  at  the  time;  and  from  that  day  to  this  I 
have  often  noticed  these  pulsations,  as  anybody  can,  who  will  closely 
observe  flowing  water.  I  am  not  disposed  to  seek  the  cause;  it  is 
simi)ly  a  fact;  the  cause  is  probably  complex,  but  there  it  is.  It  is  in- 
herent in  all  flowing  water,  whether  it  goes  over  a  weir,  through  a  canal 
or  river,  or  through  a  valve  in  a  pipe.     The  fact  is,  there  is  no  such 
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thing  as  uniformly  flowing  water,  ordinarily  speaking;  there  certainly  is 
not,  unless  the  water  be  issued  at  a  very  great  velocity,  and,  even  then, 
more  delicate  observation  may  reveal  it.  In  ordinary  velocities  it 
plainly  does  not  exist,  and  I  have  never  seen  any  flowing  water  without 
pulsations.  Of  course,  as  to  what  constitutes  a  roughness,  it  may  be 
said  that  the  matter  of  roughness  and  smoothness  is  one  of  relative 
terms.  If  we  take  a  canal  180  feet  wide  and  15  feet  deep,  and  compare 
that  with  the  roughness  of  a  rubble  wall  on  each  side,  the  canal  might 
be  called  a  smooth  channel,  yet  these  pulsations  exist  in  the  thread  of 
the  current.  I,  myself,  simply  am  inclined  to  the  belief  that  they  exist 
in  all  flowing  water. 

J.  Foster  CROwEiiL,  M.  Am.  Soc.  C.  E. — In  Table  No.  5  of  the  paper, 
which  gives  the  eff"ect  on  the  velocities  of  difi'erent  openings  of  the 
valve,  there  is  a  very  significant  result  which  shows  that  a  24-inch  valve 
can  be  largely  closed  without  affecting  very  much  the  discharge,  and  it 
would  be  interesting  to  trace  the  relations.  The  curves  on  the  diagram 
giving  the  values  of  the  table  show  the  eifect  very  clearly.  I  think  I 
could  perhaps  make  it  out,  but  I  fear,  as  I  have  not  prejjared  myself,  it 
would  be  rather  tedious  for  the  other  members  present.  I  will,  how- 
ever, call  your  attention  generally,  which  the  author  of  the  paper  has 
already  done,  to  the  remarkable  variations  in  the  last  column  of  the 
table  and  to  the  considerations  which  they  suggest.  It  would  appear 
that  the  water  flowing  in  the  full  pipe  section  on  reaching  the  lune- 
shaped  opening  is  subjected  to  momentary  compression  at  the  orifice, 
which  imparts  a  great  increase  of  velocity  to  the  current  through  the 
orifice.  Were  the  sides  of  the  orifice  prolonged  sufiiciently,  the  velocity 
would  be  again  decreased  by  the  greater  friction;  but,  for  the  short 
length  of  the  valve  contraction,  the  vis-inertia  of  the  moving  water  is 
sufficient  to  overcome  the  increased  friction,  and  the  water  passes 
through  in  a  series  of  impulses  with  scarcely  diminished  volume  of  dis- 
charge. It  may  be  that  here  is  the  solution  of  the  oscillations  in  the 
flow  observed  in  the  gauges. 

John  W.  Hill,  M.  Am.  Soc.  C.  E.— The  facility  afi'orded  by  a 
partially  closed  stop  valve  in  a  water  dischai'ge  pipe,  for  adjusting  the 
resistance  against  which  pumping  engines  are  worked  during  contract 
and  other  trials,  is  often  taken  advantage  of  to  produce  a  head  on  the 
pumps  considerably  greater  than  the  normal  pressure  in  the  mains;  by 
means  of  which  the  pumps  may  be  caused  to  work  under  a  pressure  or 
head  of  80,  90,  100  or  more  pounds,  while  the  pressure  in  the  main  out- 
side the  engine-room  may  be  maintained  at  35  or  40  pounds,  or  at  the 
static  head  of  reservoir  or  stand- pijje,  or  at  the  iisual  service  jiressure. 
As  the  pressure  on  the  jiumps  rises  or  falls,  the  stop  valve  or  regu- 
lating valve  is  cautiously  oiiened  and  closed  a  few  turns  or  partial  turns 
of  the  stem,  by  an  observer  in  charge,  who  takes  his  cue  from  a  pair  of 
pressure  gauges;  one   of  which  is  connected  to  the  discharge  pipe 
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between  tlie  pumps  and  stop  valve,  and  the  other  to  the  discharge  pipe 
beyond  the  stop  valve.  Meanwhile  the  pumps  may  be  worked  at  con- 
tract speed,  or  may  be  operated  (as  in  direct  service  water-works)  to 
meet  the  current  demand  for  water. 

I  have  ma;le  several  duty  trials  of  pumping  engines  in  this  manner, 
the  only  variable  condition  being  the  rate  of  discharge  of  the  pumps 
while  the  steam  i^ressure  and  head  j)umi3ed  against  were  constant;  and 
at  all  other  times  all  the  conditions  of  pump  delivery,  head  pumped 
against  and  steam  pressure  have  been  as  nearly  constant  as  it  was  possi- 
ble by  careful  management  to  have  them.  In  such  cases  the  head  in 
the  discharge  main  between  the  stoji  valve  and  the  jjumps  may  be 
maintained  at  any  desired  j^ressure,  while  the  head  outside  the  engine 
room  or  beyond  the  stop  valve,  remains  at  the  lower  or  usual  service 
pressure. 

But  while  I  have  used  the  principle  of  increased  resistance  by  a 
partially  closed  stop  valve  in  a  pump  discharge  main  to  maintain  a  satis- 
factory head  to  pump  against,  it  has  never  occurred  to  me  that  this 
might  be  employed  to  even  approximately  determine  the  discharge  of 
the  pumps;  perhaps  because  of  the  more  convenient  and  more  reliable 
method  generally  adopted  in  such  cases,  viz.,  to  calculate  the  actual 
displacement  of  the  pump  plungers  from  their  net  areas  and  travel,  and 
allow  an  arbitrary  loss  of  action  or  slip. 

Apart  from  tests  of  pumping  engines,  situations  may  arise  where  it 
will  be  convenient  to  estimate  the  flow  of  water  by  means  of  the  differ- 
ence of  pressures  on  opposite  sides  of  a  partially  closed  stop  valve;  but 
from  present  information  on  the  subject  I  should  be  inclined  to  accept 
any  such  measurement  as  a  very  rough  ajiproximation  indeed.  If  it  be 
true  that  experimenters  in  hydraulics  are  not  agreed  upon  the  coeffi- 
cients of  resistance  and  discharge  for  the  orifices  of  regular  shape 
(round,  square  and  rectangular),  then  how  can  we  hope  to  reconcile  the 
discrepancies  which  will  arise  when  we  attempt  measurements  of  flow 
through  variable  lune-shaped  orifices,  with  their  coefficients  of  resist- 
ance and  efflux  changing  with  every  change  in  the  relative  size  of  the 
orifice?  and  how  will  we  apply  an  expression  for  discharge  which  may 
be  obtained  from  experiments  with  a  24-inch  Ludlow  valve,  to  valves 
from  the  dozen  or  more  other  makers,  or  to  valves  of  other  sizes  from 
the  same  maker,  Avithout  special  tests  with  each,  which  tests  in  them- 
selves will  generally  dispose  of  the  main  question,  viz.,  the  determina- 
tion of  the  discharge  in  a  particular  case. 

The  experiments  of  Mr.  Kuichling  are  quite  interesting,  esjiecially 
when   the   results  are  compared  with  those  from  Weisbach,   with  hifl 

simide  gate  valve,  the  difi'erences  in  .  -,  and  in  the  coeflicient  of  resist- 

ance  (?)  being  accounted  for.  no  doubt,  by  the  difference  in  the  forms  and 
proportions  of  the  Ludlow  double  disk  and  Weisbach  simple  sliding- 
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Mte  valve;  and  these  differences  serve  to  emphasize  the  diflSculty 
surrounding  attem})ts  at  estimating  the  flow  of  water  througli  pipes  by 
means  of  constricted  lune-shaped  valve  orifices. 

It  is  doubtful  if  the  experiments  have  any  practical  value,  becav.se  if 
it  be  re(iuired  to  measure  the  flow  of  water  in  a  line  of  pipe  of  known 
diameter,  it  can  be  done  more  conveniently  by  means  of  accurate  piezom- 
eters placed  a  measured  distance  apart  and  adjusted  to  a  common 
datum  plane;  the  difference  of  heads  at  the  up  and  down  stream 
stations  (gauges)  and  diameter  and  character  of  wet  perimeter  of  the 
l>ipe  furnish  all  the  necessary  data  for  the  use  of  Chezy  or  Kutter 
formula.  This,  of  course,  iu  situations  where  it  is  impossible  or  incon- 
venient to  measure  the  discharge  or  flow  by  wier,  or  in  tanks,  or  by 
reservoir. 

John  Thomson,  M.  Am.  Soc.  C.  E.— In  regard  to  the  gauge  illus- 
trated in  the  pajier  by  Mr.  Kuiehling,  it  is  an  instrument  which  ought 
to  be  in  the  hands  of  every  engineer  having  to  do  with  hydraulic  opera- 
tions. Its  sensitiveness  and  yet  relatively  high  range  of  reading, 
together  with  its  uniformly  exact  indications,  would  render  it  invalua- 
ble in  many  places.  For  instance,  if  applied  to  a  pump,  a  meter  or  a 
>team  engine,  any  faulty  throttling  througli  the  valves  or  channels 
could  at  once  be  detected.  I  am  not  fully  persuaded,  however,  that  the 
slii?  gauges  and  vernier  as  devised  by  Mr.  Kuiehling  are  the  best  arrange- 
ments that  could  1  e  applied  for  reading  the  height  of  the  columns.  I 
have  made  a  drawing  of  a  differential  mercury  gauge  intended  for  my 
own  use  in  which  a  screw  is  disposed  between  the  glass  tubes,  acting  as 
a  column  to  bind  the  head  and  base  together.  The  screw  is  to  be  of  0.1 
inch  pitch,  upon  which  a  nut  will  be  mounted,  graduated  to  read  in 
0.01  and  0.005  inches.  I  am  also  of  the  opinion  that  steel  indicators, 
floated  upon  the  mercury,  having  sharply  defined  nicks  or  cross-lines, 
would  ba  an  assistance  to  accurate  and  ready  reading.  Such  floats 
would  require  to  be  Bower-Barffed  to  resist  corrosion,  as  they  would  be 
partially  immersed  in  water.  But  these  criticisms  of  detail  are  not  to  be 
taken  as  detractive  of  the  gauge  as  a  whole,  the  j^erformance  of  which 
was  highly  satisfactory. 

In  view  of  a  recent  discussion  in  which  I  took  part  involving  the 
matter  of  spring  gauges  as  instruments  of  precision,  particular  attention 
is  called  to  Mr.  Kuichling's  Table  No.  2  in  so  far  as  the  indications  of 
the  mercury  columns  are  comparable  to  those  of  the  spring  gauge.  Thus, 
in  one  case  the  spring  gauge  indicated  a  difference  of  1  pound  while  the 
difference  gauge  denoted  over  2  pounds;  in  another  instance,  the  spring 
gauge  showed  no  difference,  while  the  actual  change  in  condition 
amounted  to  nearly  1.35  pounds.  As  to  the  accuracy  of  the  record  there 
can  be  but  little  doubt.  There  was  no  chance  for  "  argument "  between 
the  observers  during  the  instant  of  any  reading,  as  to  whether,  carpenter- 
like, it  was  "full"  or  "scant."    The  attention  of  each  being  intently 
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and  solely  directed  to  one  column,  even  unconscious  cerebration  could 
not  assist  in  improperly  bringing  the  personal  equation  of  the  observers 
into  unison.  Moreover,  after  the  complete  series  of  observations  had 
been  concluded,  the  valve  was  reset  to  several  known  positions  and  the 
gauge  again  read.  In  all  of  such  instances  the  observations  were  practi- 
cally identical,  and  this  was  regarded  as  fair  proof  that  the  condition  of 
the  line,  the  valve,  the  gauge  and  the  observers  had  not  changed  their 
rating. 

I  do  not  concur  with  Mr.  Kuichling's  opinion  as  to  the  cause  of  the 
oscillations  of  the  mercurial  columns.  As  will  be  seen  by  inspection  of 
the  drawings,  the  "legs  "  of  the  gauge  were  attached  to  the  top  of  the 
conduit.  Now,  I  take  it  that  entrained  air  in  a  pipe-line  travels  at  the 
top,  being  rolled  along  at  a  rate  of  speed  probably  less  than  that  of  the 
maximum  velocity  of  flow.  But,  irrespective  of  the  rate  of  travel,  should 
even  a  globule  of  air  pass  the  jiiezometric  openings  leading  to  the 
gauge,  it  would  tend  to  disturb  the  static  conditions  which  obtain 
thereat.  And  the  fact  that  these  fluctuations  increased  with  the  de- 
pression of  the  valve,  in  other  words,  were  in  a  measure  proportionate 
to  the  velocity  of  flow  through  the  lune-shaped  orifice,  would  seem  to 
bear  out  this  theory,  in  that  any  air  di'iven  down  toward  and  thence 
through  the  lune-shaped  opening  would  again  ascend  and  impinge  at 
a  relatively  high  velocity  against  the  upper  surface  of  the  pipe.  If  an 
experiment  of  this  kind  were  to  be  duplicated,  I  would  therefore  sug- 
gest that  the  legs  of  the  gauge  be  connected  at  the  side  or  bottom 
of  the  pipe  ;  or,  better  still,  in  the  manner  described  by  John  R. 
Freeman,  M.  Am.  Soc.  C.  E.,  in  his  paper  on  the  hydraulics  of  fire 
streams,  in  which  a  circumferential  channel  is  employed  having  a  series 
of  ducts  communicating  with  the  interior  of  the  pipe.  My  present 
point  may  be  illustrated  by  supposing  that  if  Mr.  Kuichling — instead  of 
amply  spreading  the  legs  of  his  gauge,  as  he  properly  did — had  con- 
nected them  close  up  to  opposite  sides  of  the  valve,  then,  in  such  an 
event,  the  suction  of  the  discharge  past  the  valve-disks  would  un- 
doubtedly produce  a  negative  effect  somewhat  proportionate  to  the  in- 
crease of  velocity  at  the  orifice  and  a  false  conclusion  might  then  have 
been  deduced. 

While  Mr.  Kuichling  has  chosen  to  treat  his  subject  analytically,  the 
practical  importance  of  his  work  and  its  demonstration  ought  not  to  be 
left  for  doubtful  recognition.  It  is,  of  course,  to  be  expected  that 
those,  more  or  less  familiar  with  throttling  diaphragms  and  venturi- 
nozzles,  have  been  aware  of  their  relatively  high  discharging  capacity 
when  inserted  in  tubes  or  pipes  of  greater  diameter,  because  such  a 
condition  is  to  the  entire  flow  for  an  instant  the  friction  of  a  point,  so 
to  speak,  merging  pressure  into  velocity.  Nevertheless,  speaking  for 
myself,  although  having  some  reason  to  anticipate  the  results  which  Mr. 
Kuichling  has  presented,  I  question  if  I  should  have  had  the  temerity. 
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"without  the  assurance  of  this  demonstration,  to  suggest  placing  in  a 
force  main  of  2  feet  diameter  stop  valves  of,  say,  li  or  IJ  feet  diameter. 
And  yet  this,  in  my  judgment,  is  what  with  perfect  propriety  might  be 
done  in  analogous  instances;  as  such  an  introduction,  without  resulting 
in  any  practical  diminution  of  the  discharging  capacity  of  the  line, 
would  not  only  reduce  the  cost,  but  would  greatly  increase  the  ease  and 
celerity  with  which  the  valves  could  be  operated. 

It  is  not  intended  by  this  to,  in  the  slightest  degree,  disparage  the 
ordinary  frictional  losses  known  to  occur  in  flowing  water;  rather  let  it 
be  taken  as  an  exemplification  thereof.  In  the  Engineei-ing  News  there 
was  published  some  time  past,  several  excerpts  from  the  notes  of  the 
late  W.  J.  McAlpine,  in  which  occurred  in  effect  this  statement,  which  is 
worthy  of  record  as  a  theorem:  "As  nature  abhors  a  vacuum,  so  does 
water  ablior  an  angle."  But  the  action  of  a  constricted  opening,  dis- 
posed transversely  to  the  path  of  the  current,  results  only  in  a  simple 
deflection  of  a  portion  of  the  mass,  and  well  illustrates  the  persistency  to 
flow  iu  a  straight  line,  the  abhorrence  of  an  angle.  Collateral  to  this  it 
may  be  of  interest  to  briefly  describe  a  simple  experiment,  which  I  re- 
cently ti-ied  with  the  view  of  clearly  fixing  this  fact  in  my  own  mind 
through  the  medium  of  ocular  demonstration.  A  short  piece  of  pliant 
rubber  tubing,  about  three-fourths  inch  inside  diameter,  was  connected 
to  an  ordinary  faucet.  The  pipe  was  then  curved  to  approximately  a 
half  circle,  a  small  brass  tube  about  one-fourth  inch  diameter  was  in- 
serted so  as  to  point  towards  the  centre  of  said  circular  cui've,  and  also 
another  on  the  opposite  side  of  the  pipe  projecting  radially  outward. 
The  small  tubes  were,  in  fact,  horizontal  piezometers  to  the  main  section 
of  pliant  tubing.  With  the  rubber  tube  discharging  a  full  stream,  the 
external  piezometer  would  also  discharge  a  full  stream,  but  no  flow 
would  take  place  from  the  internal  piezometer.  This  indicated  no  press- 
ure upon  the  inner  wall  of  the  tube.  The  piezometers  were  then  re- 
moved, and  a  section,  about  2  inches  long  by,  say,  one-half  inch  wide, 
was  cut  from  the  inner  wall  of  the  loop,  when  the  water  would  flow  past 
the  opening  thus  formed  in  a  perfect  stream,  crystal-like  and  unbroken 
in  contour.  Obviously,  the  tangential  tendency  or  persistency  was 
•entirely  resisted  by  the  exterior  wall.  It  will,  of  course,  be  understood 
that  the  flow  as  just  described  would  not  continue  at  high  velocities. 
From  this  the  query  naturally  arises,  what  would  be  the  probable  differ- 
ence iu  discharging  capacity,  supposing  a  valve  to  be  situated  in  a  cir- 
cular loop,  and  so  disposed  that  its  disk  would  cut  the  flow  from  the 
■exterior  or  from  the  interior  side  thereof  ? 

In  respect  of  Mr.  Kuichling's  reference  to  me  as  a  co-acting  observer, 
his  close  adherence  to  grammatical  etiquette  gives  me  undue  honor:  for 
in  this  work  I  was  in  nowise  a  principal,  but  was  rather  as  "  a  student 
at  the  shrine  of  sages. "  Mr.  Kuichling's  paper  is  a  distinct  scientific  addi- 
tion to  the  subject  of  which  it  treats,  and  I  am  suflSciently  honored  in 
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having  been  the  means  of  persuading  him  to  prei^are  it.  After  the  con- 
clusion of  the  experiment,  which  consumed  nearly  all  of  a  bright,  pleasant 
Sunday,  with  kodak  in  hand  I  went  up  the  bank  of  Mount  Hope  Reser- 
voir, EocLester,  N.  Y.,  near  where  the  gauge  had  been  a^jplied,  and,  turn- 
ing quickly,  caught  a  "  snap  shot  "  of  Mr.  Kuichling  as  he  was  mounting 
the  stairH.  The  smile  of  satisfaction  which  yet  lingered  upon  his  feat- 
ures, filled  the  "  field  "  of  my  instrument.  He  said  that  mine  spilled 
over  the  bank.  Possibly  it  did,  for  I  had  never  taken  part  in  a  more 
interesting,  instructive  and  successful  demonstration,  and  my  satisfac- 
tion at  the  time  could  not  have  been  indicated  in  inches  of  mercury. 

John  C.  Tkautwine,  Jk. — As  to  the  cause  of  the  oscillation  observed 
in  the  heights  of  the  mercury  columns  under  a  given  ojjening  of  the 
valve,  it  is  evidently,  as  our  author  intimates,  a  matter  of  individual 
oi^inion  how  much  of  these  oscillations  was  due  to  the  partial  obstruc- 
tion at  the  valve,  and  how  much  to  variations  in  the  barometric  pressure 
upon  one  or  both  of  the  reservoirs.  For  my  own  jaart,  my  labors  with 
Kutter's  coefficient  "  m  "  of  roughness  have  left  me  with  a  lively  (per- 
haps exaggerated)  sense  of  the  disturbances  caused  by  even  very  slight 
irregularities  in  the  pipe;  and  I  am  therefore  dis^josed  to  look  rather  to 
the  obstructions  at  the  valve,  than  (with  the  author)  to  barometric 
changes,  for  the  cause  of  even  the  remaining  slight  oscillations  observed 
in  the  mercury  columns  after  the  valve  was  fully  opened.  Even  in  the 
smoothest  and  straightest  pipes  and  channels,  the  particles  of  water- 
next  to  the  walls  must  move  very  much  slower  than  those  nearer  to  the 
axis  of  the  pipe,  and  this  difference  of  velocity  must  j^roduce  lateral 
currents  and  eddies  which  cannot  but  cause  variations  in  the  piezometric 
pressure  at  a  given  opening  in  the  pipe.  Now  the  positive  though 
l^artial  obstruction  caused  by  even  a  fully  opened  valve,  must  greatly 
aggravate  this  disturbance,  and  it  seems  to  me  that  we  ought  to  expect, 
at  openings  placed  near  such  an  obstruction,  jiist  such  oscillations  as  are 
here  recorded,  independently  of  possible  variations  in  the  air  pressuies- 
at  the  reservoirs.  As  remarked  by  the  author,  the  oscillations,  of 
course,  decreased  rapidly  and  almost  uniformly  (see  Table  No.  2)  as  the 
obstruction  was  diminished  by  the  progressive  opening  of  the  valve;, 
and  it  can  hardly  be  doubted  that  a  still  further  reduction  of  the  oscilla- 
tion would  have  been  observed  if  the  valve  could  have  been  removed 
altogether  and  a  smooth  length  of  pipe  substituted  for  it.  It  will  also 
be  noticed  that  as  a  rule  the  oscillations  were  greater  at  the  lower  than 
in  the  upper  gauge  tube,  as  might  be  expected  of  oscillations  due  to  the 
obstruction.  It  is  true,  however,  that  this  distinction  is  much  less 
marked,  and  therefore  less  conclusive,  with  wider  than  with  narrower 
openings  of  the  valve. 

The  author  states  that  "the  same  (query,  equal?)  oscillation  was 
observed  *  *  *  on  applying  the  gauge  to  the  same  line  of  pipe  at  a^ 
locality  about  6  miles  from  the  distributing  reservoir,  and  at  a  time» 
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•when  no  change  whatever  was  made  in  any  valve  or  other  fixture  on  the 
line  "  ;  but  we  are  not  told  whether  in  this  case  there  was  a  valve  or 
other  partial  obstruction  between  the  two  jjiezometric  openings.  And, 
even  if  there  were  none,  it  seems  to  me  it  might  still  be  a  matter  of  con- 
jecture whether  the  oscillations  were  due  chiefly  to  barometric  changes, 
or  to  those  eddying  currents  which  must  exist  even  in  practically 
"smooth"  pipes.  It  would  be  interesting,  in  this  connection,  to  have 
the  results  of  similar  experiments  accompanied  by  careful  and  simulta- 
neous barometric  records  taken  at  the  two  reservoirs. 

We  are  not  informed  as  to  the  time  during  which  the  oscillations  took 
place;  but,  as  the  entire  series  of  observations  was  made  within 
■"  several  hours,"  it  may  properly  be  asked  whether  the  time  occupied 
by  the  separate  oscillations  was  sufficient  to  render  admissible  the 
assumption  of  the  necessary  barometric  changes  at  the  reservoirs.  In 
the  absence  of  the  plates  referred  to,  which  no  doubt  show  the  relative 
elevations  of  the  valve  and  of  the  lower  reservoir,  we  may  ask  also 
whether  and  how  it  was  known  that  the  pipe  just  below  the  valve  ran 
constantly  full,  especially  under  the  smaller  openings  recorded.  I  am 
advised  that  the  reason  for  the  absence  of  records  of  experiments  with 
openings  of  less  than  thirteen  turns,  is  that  the  limit  of  the  gauge  was 
reached  at  that  point. 

R.  Fletcher,  Assoc.  Am,  Soc.  C.  E. — Collignon*  shows  an  ideal 
sketch  of  a  form  of  differential  piezometer  (see  Fig.)  devised  by 
Belanger,  which  he  describes  sub- 
stantially as  follows:  Small  differ- 
ences of  piezometric  columns  may 
be  obtained  by  joining  together 
two  small  piises  fixed  in  the  con- 
duit, one  at  A,  the  other  at  B. 
These  are  terminated  at  G  and  D 
by  a  single  curved  glass  tube, 
CED,  at  the  summit  of  which  an 
opening,  £J,  is  provided  with  a 
stop  cock.     The  water  mounts  in 

the  piezometer  and  compresses  the  

contained   air.     The   stop   cock  is 

opened    and    controlled   so   as   to 

allow   a   part  of  the  contained  air  ^— 

to  escape  until  the  water  apj^ears  ' 

in  both  branches  of  the  glass  tube,  when  it  is  arrested,  as  at  M,  in  one 

branch,  and  at  iVin  the  other.     The  difference  of  level  between  ilf  and 

iV  measures  by  liquid  column  the  difference  of  pressure  sought. 

The  form  thus  described  has  the  advantage  of  affording  a  differential 

*"Cours  de  Mecauique  Appliquee  aux  Constructions,  2me  Partie,  Hydraulique."  M. 
Edouard  Collignon,  Paris.  1870. 


A~ 


B 
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piezometric  column  more  than  twelve  times  as  long  as  the  corresponding 
mei'cury  column,  and  may  be  useful  for  measuring  small  diflferences  of 
pressure  if  the  conditions  are  not  such  as  to  cause  extreme  or  long-con- 
tinued oscillations.  It  has  the  further  advantage  of  simplicity  in  detail 
and  small  cost.  But  the  range  of  its  adaptation  is  limited,  as  the  use  of 
a  differential  water  column  more  than  3  or  4  feet  high  would  be  gener- 
ally inconvenient.  It  may  be  presumed,  also,  that  under  pressures 
exceeding  80  to  100  feet,  with  a  long  line  of  pipe,  the  oscillations  would 
be  very  troublesome. 

It  would  appear  that  the  oscillations  observed  by  Mr.  Kuichling  may 
well  be  due  to  the  recognized  and  unexplained  irregularities  in  the  flow 
of  water  under  conditions  calculated  to  secure  the  highest  degree  of 
uniformity.  An  assumption  of  sudden  variations  in  atmospheric  press- 
ure would  need  strong  confirmation  from  simultaneous  barometric 
observations.  Mr.  Kuichling's  valuable  and  interesting  results  are  an 
important  addition  to  our  stock  of  hydraulic  data. 

George  W.  Raeier,  M.  Am.  Soc.  C.  E. — Mr.  Kuichling's  paper 
brings  to  the  attention  of  hydraulicians  an  interesting,  and  to  some 
extent  important,  line  of  experimentation,  more  especially  because  the 
stop  valves  used  were  much  larger  than  those  used  by  Weisbach,  who, 
thus  far,  is  the  only  experimenter  who  has  published  results  of  this 
character.  The  analytical  portion  of  the  paper  may,  moreover,  be 
denominated  elegant,  by  reason  of  the  ingenious  treatment  which  the 
purely  theoretical  side  of  the  subject  has  received.  In  reference  to  the 
ap])liances  used  and  the  deductions  from  the  observations,  the  paper, 
however,  admits  of  criticism;  and  there  are  a  number  of  imjjortant  dis- 
crepancies which  it  is  hoped  the  author  of  the  pajser  will  clear  up  in  his 
final  discussion. 

The  method  of  calibration,  by  reason  of  apparently  eliminating  the 
error  due,  not  only  to  the  impurity  of  the  mercury,  but  to  variations  in 
diameter  of  the  tube,  is  ingenious,  and  its  author  should  receive  especial 
credit  for  it.  On  this  point,  however,  some  confusion  api^arently  exists, 
as  Mr.  Kuichling  refers  to  a  graduation  of  his  tube  in  inches  and  tenths. 
If  such  a  graduation  was  actually  made  and  used,  theeri'or  due  to  change 
in  diameter  of  the  tubes  is  not  eliminated  and  it  would  vitiate  the  result. 
Following  this  thought  further,  it  may  be  noted  that  the  equivalent  of 
an  inch  of  mercury  is  given  as  1.0493  feet  of  water,  or  1  foot  of  mer- 
cury balances  12.59  feet  of  water,  that  is  to  say,  the  specific  gravity  of 
the  mercui'y  used  was,  for  the  actual  temperature  and  elevation,  12.59, 
instead  of  about  13.55,  as  it  should  be  for  pure  mercury.  It  is  hoped 
that  Mr.  Kuichling  will  explain  whether  the  apparent  discrepancy  here 
is  due  to  impurity  of  the  mercury  or  to  variation  in  size  of  his  tubes, 
as  upon  this  point  will  hinge  very  largely  the  real  utility  of  his  experi- 
ments. 

Again,  it  may  be  noted,   the  record  shows  a  loss  of  O.lSj  inch  of 
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merciii'v.  Even  after  the  gate  is  entirely  open,  this  loss  taking  place 
according  to  the  paper  in  a  length  of  main  of  17.1  feet  (which  in  a  length 
of  1  000  feet,  the  ordinary  unit  for  statement  of  hydraxalic  gradient) 
amounts  to  a  loss  of  8.28  feet.  At  the  time  of  making  the  experiments, 
the  total  fall  between  the  two  reservoirs,  connected  by  the  24-inch  main, 
in  which  the  stop  gate  experimented  npon  occurs,  was  112.89  feet,  giving, 
for  a  total  length  of  connecting  main  of  46  867  feet,  a  rate  of  gradient  of 
2.41  feet  per  1  000.  There  is,  however,  a  slight  bend  in  the  special  Y 
branch  included  between  the  two  jjoints  of  attachment  of  the  ai:)paratus, 
but  the  small  amount  of  deviation  from  a  right  line  occurring  here  can- 
not be  taken  as  explaining  the  large  value  of  the  deduced  gradient  of 
8.28  per  1  000  feet  for  full  discharge.  In  my  opinion,  this  fact  alone 
should  make  us  very  cautious  in  accepting  these  results  as  otherwise 
than  accidentally  correct.  This  remark  is  further  emphasized  by  the 
wide  variation  in  value  of  the  coeificieuts  given  in  Column  10  of  Table 
No.  3,  in  comparison  with  those  of  Weisbach,  in  Column  11. 

Again,  the  jDroi^riety  of  selecting  the  24-inch  gate  of  the  Mount  Hope 
Eeservoir  gate-house  for  these  experiments  may  be  fairly  questioned, 
in  view  of  the  possibility  of  the  disturbing  influence  of  the  special; 
which,  while  an  exceedingly  small  quantity  with  full  gate  and  its  conse- 
quent low  velocity  of  a  little  less  than  4  feet  per  second,  is  nevertheless 
an  important  factor  with  a  partially  throttled  gate  and  the  resulting  high 
velocity  through  the  same.  The  location  selected  admitted  conveniently 
of  a  distance  of  only  17.1  feet  between  points  of  attachment  for  the  dif- 
ference-gauge apparatus,  a  distance  which  the  great  fluctuations  in 
the  earlier  stages  of  the  experiments  shows  to  be  entirely  insufiicient  for 
accurate  work.  Moreover,  there  are  at  least  two  points  on  the  same  pipe 
line  where  the  experiments  could  be  made  and  a  stretch  of  nearly  straight 
pipe  of  several  hundred  feet  on  either  side  of  the  gate  obtained.  A 
statement  of  the  reasons  in  detail,  by  Mr.  Kuichling,  of  why  this  par- 
ticular gate  was  selected,  in  view  of  the  obvious  objections  in  prefer- 
ence to  either  of  the  others,  will  also  assist  greatly  in  determining  the 
real  utility  of  his  experiments. 

These  criticisms  are  advanced  with  the  hope  that,  inasmuch  as  his 
results  are  so  widely  difl"erent  from  those  of  "Weisbach,  which  many 
hydraulicians  have  been  in  the  habit  of  considering  classic,  Mr. 
Kuichling  may  be  able  to  clear  up  the  dark  points  in  reference  to  them 
which  now  ajiparently  exist. 

D.  Fakrand  Henry,  M.  Am.  Soc.  C.  E. — Mr.  Kuichling's  paper  on 
the  loss  of  head  through  a  24-iuch  valve  interested  me  very  much,  and 
I  think  his  observations  and  deductions  will  be  useful  in  the  future. 
But  when  he  speaks  of  the  continuous  pulsation  of  the  mercury  in  his 
gauge  when  the  valve  was  fully  opened  and  the  current  normal,  he 
touches  a  strange  and  to  me  yet  a  mysterious  property  of  flowing  water. 
These  fluctuations   in   the  strength   or    velocity   of  the   current   were 
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observed  by  M.  Darcy  wlien  using  a  Pitot's  tube — an  instrument  very 
similar  to  Mr.  Kuichling's  gauge— but  tliey  were  never  measured  until 
during  the  measurement  of  the  outflow  of  the  great  lakes.  I  invented 
and  used  the  telegraphic  current  meter — as  noticed  in  my  pamphlet  on 
the  "Flow  of  Water  in  Eivei-s  and  Canals,"  and  the  lake  survey  reports. 
When  the  meter  was  first  placed  in  the  current  the  most  noticeable 
thing  was  the  marked  irregularity  in  the  beat  of  the  sounder — each 
"click  "  representing  one  revolution  of  the  submerged  wheel — at  times 
slow  and  stately,  and  again  with  a  buzz  almost  continuous.  Wherever 
I  placed  my  meter  in  these  rivers,  in  the  Chicago  Water  Works  tunnel 
or  in  the  tail  race  of  a  mill,  the  same  changeableness  in  the  correct 
velocity'  was  manifest.  These  pulsations  of  the  current  were  greater  at 
the  bottom  and  least  at  the  surface,  but  without  regularity  as  to  time  or 
force,  the  common  maxima  being  from  five  to  perhaps  twenty  seconds 
apart,  while  every  ten  or  fifteen  minutes  would  come  a  rush  of  the  cur- 
rent which  would  set  the  sounder  buz  dng.  I  noticed  the  same  thing  at 
Niagara.  Standing  at  the  base  of  the  Fall,  or  under  the  sheet,  when  the 
jDrincipal  maxima  came  the  earth  would  tremble  under  one's  feet,  and  in 
the  whirlpool  rapids  the  waters  would  clash  together  and  the  center 
waves  seem  to  ri-^e  above  the  level  of  the  eyes.  I  have  some  notes  also 
of  the  survey  for  the  Cuba  cable,  which  show  that  these  pulsations 
also  affect  the  flow  of  that  wonderful  current— the  Gulf  stream.  In 
fact,  what  we  term  "  uniform  flow  "  of  water  seems  almost  as  unstable 
as  the  motion  of  the  wind.  To  measure  these  fluctuations  I  jilaced  a 
Morse  pajser  register  in  the  circuit,  each  revolution  of  the  current  wheel 
making  a  dot  on  the  paper,  and  I  kept  a  few  of  these  paper  slips,  which 
I  enclose,  as  they  may  be  of  interest,  being  probably  the  only  auto- 
graphic record  extant  of  the  current  of  a  great  river.*  As  the  Morse 
register  was  found  to  be  rather  irregular  iu  its  actiou,  depending  per- 
haps uijon  the  thickness  of  the  paper  passing  through  the  rolls,  which 
thus  retarded  it  more  or  less,  I  had  the  observer  make  a  pencil  mark 
across  the  paper  every  half  minute  as  it  passed  the  stylus.  They  were 
taken  in  the  St.  Clair  Eiver  iu  1868,  but  the  notes  of  the  survey  are 
buried  in  the  archives  of  the  office  of  the  Engineer  Bureau  at  Wash- 
ington, so  I  cannot  give  their  position  ia  the  river,  but  most  of  them 
are  evidently  in  the  deeper  jjortion  of  the  river,  while  one  set  (Septem- 
ber 16th)  was  taken  near  shore,  where  the  water  was  not  over  5  or  6  feet 
in  depth.  I  tabulated  hundreds  of  these  records,  but  was  never  able  to 
establish  any  law  of  pulsation. 

Several  years  subsequently,  when  chief  engineer  of  the  water  works 
at  Detroit,  Mich.,  I  placed  a  glass  mercury  gauge  in  an  upper  room  i  i  the 
office,  which  was  high  enough  not  to  make  the  tube  inconveniently  long, 
an  .1 1  used  to  watch  it  at  night  when  everything  was  quiet,  when  few  taps 

*The  paper  slips  here  referred  to  were  exhibited  when  the  paper  was  read,  but  it  is  im- 
practicable to  publish  them  here.  j 
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■woulil  be  oijened,  and  the  regular  night  use  and  the  waste  was  all  the 
demand  on  the  sujiply.  At  such  times  I  would  turn  the  full  pressure 
on  the  gauge,  and  the  mercury  would  commence  slowly  sweejiing  up  and 
down  the  tube,  the  fluctuations  being  ordinarily  from  3  to  6  inches  every 
quarter  of  a  minute  or  less,  but  rising  often  to  8  inches  or  more.  This 
■would  keep  up  as  long  as  I  cared  to  watch  the  pulsation.  The  fluctua- 
tions noted  by  Mr.  Kuichling  might  therefore  have  been  due  to  this 
■curious  and  as  yet  unexplained  instability  of  the  velocity  in  flowing 
water. 

James  Duane,  M.  Am.  Soc.  C.  E. — In  reading  Mr.  Kuichling's  jmper 
■one  is  struck  most  forcibly  by  the  great  waste  of  algebraic  ingenuity 
«hown  in  the  construction  of  formulas  which  the  author  admits  are  of 
but  doubtful  utility  in  his  special  case — especially  as  they  would  not 
be  of  general  applicability.  In  fact,  the  whole  question  is  one  for  ex- 
•perimental  solution  only,  and  is  not  suscejDtible  of  satisfactory  analytical 
investigation.  The  pith  of  the  entire  article  seems  to  be  contained  in 
•the  last  column  of  the  last  table,  where  the  coefficients  of  discharge  are 
.given.  That  these  are  given  to  the  fifth  place  of  decimals  seems  an  un- 
necessary refinement,  as  these  values  probably  contain  errors  in  the 
second  place  of  decimals  at  least.  Further,  while  we  are  willing  to 
«dmit  that  the  coefficient  of  discharge  through  the  throttled  valve  when 
halt  open  may  ai^proximate  to  unity,  it  is  diflScult  to  see  how,  for  any 
ratio  of  opening  whatever,  it  can  ever  exceed  unity. 

In  filling  sections  on  36  and  48-inch  pipe  lines,  the  writer  has  had 
•opportunities  of  ajjproximately  determining  the  coefficient  of  discharge 
•for  diff'erent  degrees  of  valve  023ening  under  quite  a  range  of  heads.  The 
method  of  making  these  observations  was  as  follows :  the  new  pipe  lines 
to  be  fille  1  had  blow-off's  in  the  hollows,  and,  as  is  usual  with  us,  fire 
hydrants  placed  at  the  summits  acted  as  air  cocks.  When  a  section  of 
the  pipe  line  was  to  be  filled,  the  blow-offs  were  first  opened  to  insure 
ihe  emptying  of  the  pipe,  so  that  we  knew  just  how  many  cubic  feet  were 
necessary  to  fill  that  section.  The  blow-offs  were  then  closed.  The 
filling  was  done  from  a  6  or  12-inch  branch  supplied  from  the  general 
distribution,  and  as  near  the  summit  as  possible,  so  as  to  insure  a  light 
and  practically  uniform  back  pressure.  The  men  stationed  at  the  air 
•cocks  were  instructed  to  close  them  as  soon  as  the  water  showed,  so  that 
there  was  no  waste  at  these  points.  The  time  of  turning  on  the  water 
and  of  its  appearance  at  each  air  cock  was  recorded. 

In  each  case  the  feeding  gates  were  opened  a  certain  number  of  turns 
before  being  set,  and  a  roughly  shaped  piece  of  card-board  placed  against 
the  valve,  and  the  lune-shaped  opening  carefully  traced  thereon.  The 
area  of  this  tracing  was  determined  by  a  planimeter,  and  is  believed  to 
have  been  correct  within  very  close  limits.  The  vertical  distance  be- 
tween the  point  where  the  feed  pipe  became  completely  tilled  below 
the  gate  and  the  center  of  a  spring  pressure-gauge  located  just  above 
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the  feeding  gate  was  measured,  and  the  pressure  was  determined  from 
time  to  time  during  the  operations  of  filling.  The  employment  of  the 
spring  pressure-gauge  is  the  weak  link  in  the  experimental  chain. 
We  have  never  been  able  to  obtain  spring  gauges  that  could  be  regarded 
as  instruments  of  precision,  their  employment  usually  resulting  in 
errors  of  2  or  3  per  cent,  at  least. 

Two  examples  covering  about  the  greatest  range  of  head  that  oc- 
curred in  filling  a  36-inch  line  recently  are  appended. 

1st.  6-inch  gate  open  1-inch  ;  area  =  .035  square  foot;  head,  12.1  feet. 

Q  =  34.360  cubic  feet;  time,  thirteen  hours;  coefficient  =  0.75. 

2c?.  12-inch  gate  open  1-inch;  area  =  .058  square  foot;  head,  52.0  feet. 

§  =  39  100  cubic  feet;  time,  four  hours  thirty  minutes;  coefficient, 
0.75. 

It  will  be  seen  that  these  coefficients  agree  fairly  well  with  those 
deduced  by  Mr.  Kuichling  for  about  the  same  amplitude  of  valve  open- 
ing. 

E,  KtncHiiiNG,  M.  Am.  Soc.  C.  E. — The  discussion  appears  to  be 
confined  to  comments  on  the  observed  oscillations  of  the  piezometrical 
mercury  columns,  the  details  of  the  pressure-difference  gauge,  and  the 
practical  value  of  the  results  of  the  experiments  made. 

The  remarks  of  Messrs.  Herschel,  Henry  and  Thomson  amply  cor- 
roboi'ate  the  existence  of  the  oscillations  referred  to,  but  still  leave  a. 
satisfactory  explanation  of  their  cause  in  doubt.  While  eddies  or  inter- 
nal disturbances  of  flow  may  account  for  much  of  the  fluctation,  yet  the 
effect  of  momentary  differences  of  barometric  pressure  at  the  two  reser- 
voirs, nine  miles  apart,  cannot  safely  be  ignored;  and  that  such  differ- 
ences or  rapid  variations  in  the  pressure  of  the  atmosphere  at  any  given 
place  do  occur,  is  well  known  to  all  who  have  attempted  to  do  leveling 
with  either  a  mercurial  or  an  aneroid  barometer.  During  the  summer 
of  1891,  the  writer  made  hundreds  of  observations  for  obtaining  topog- 
raphy on  the  water-shed  of  Hemlock  Lake,  New  York,  with  a  delicate 
aneroid  having  a  range  of  only  about  4  inches  and  a  diameter  of  dial  of 
5  inches  ;  and  he  frequently  observed  sudden  variations  in  the  pressure, 
amounting  at  times  to  several  hundredths  of  an  inch  (from  10  to  40  feet 
of  elevation),  which  lasted  only  a  few  minutes,  or  even  seconds.  On  all 
these  occasions  the  instrument  was  at  perfect  rest  and  observed  from  the 
same  position.  A  sharp  watch  was  kept,  particularly  for  the  purpose 
of  detecting  such  atmosjiheric  waves,  and  they  were  found  in  all  kinds 
of  places  and  at  nearly  all  hours  of  the  day,  but  more  frequently  about 
noon.  Thx'ough  these  observations,  as  well  as  many  others  since  made, 
the  writer  is  led  to  believe  that  such  momentary  waves  may  account  for 
some  of  the  mercurial  fluctuations. 

A  similar  phenomenon  was  noticed  in  observing  the  rise  of  water  in 
a  large  reservoir,  about  1  600  feet  long,  400  feet  wide  and  14  feet  deep, 
which  was  receiving  near  one  end  the  laniform  discharge  of  a  gravity 
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conduit  at  the  rate  of  nearly  11  cubic  feet  per  second,  the  outlet  having 
been  tightly  closed.  The  observations  were  made  near  the  middle  of 
'  the  long  side  of  the  reservoir  in  a  cistern  of  6-inch  iron  pipe,  set  rigidly 
so  as  to  project  about  2  feet  into  the  water,  and  provided  with  a  hole 
IK  :vr  the  bottom  only  one-fourth  of  an  inch  in  diameter.  With  little  or 
nu  wind  at  the  time,  a  slight  oscillation  of  the  water  surface,  without 
any  apparent  regularity  or  uniformity,  was  always  detected  with  a  hook- 
gauge;  the  amplitude  of  these  waves  in  the  cistern  ranging  from  0.05  to 
0.20  inch  at  irregular  intervals  varying  from  one  to  three  minutes. 

With  reference  to  the  remarks  of  Mr.  Trautwine,  it  may  be  stated 
that  the  pressure-diflference  gauge  described  was  applied  several  times 
to  a  certain  straight  and  clear  section  of  the  24-inch  cast-iron  pipe  con- 
necting the  two  reservoirs  mentioned,  the  gauge  being  placed  midway 
between  two  taps  inserted  in  the  top  of  said  pipe  about  1  000  feet  apart, 
and  coujiled  thereto  with  J-incli  wrought-iron  pipe.  The  locality 
was  on  a  plateau  about  three  miles  from  the  upper  reservoir,  and  an 
air-valve  near  the  gauge  showed  that  the  water  was  free  from  entrained 
air.  After  the  gauge  had  been  properly  adjusted,  the  fluctuations  took 
place  as  described,  both  with  the  conduit  in  full  operation  from  the 
upper  to  the  lower  reservoir,  and  with  the  lower  portion  of  the  conduit 
shut  off  by  an  intermediate  stop-valve,  while  the  discharge  from  a 
6-inch  blow-off  was  being  carefully  measured  over  a  suitable  weir.  The 
purjiose  of  the  experiments  was  to  ascertain  with  the  gauge  the  actual 
loss  of  head  on  a  measured  length  of  said  conduit,  for  known  discharges, 
and  thence  to  deduce  the  corresponding  coefficients  of  friction.  It 
should  also  be  remarked  that  the  blow-off  was  located  in  a  depression 
about  one-half  mile  below  the  gauge,  and  that  the  fluctuations  of  the 
mercury  were  very  frequent  and  large  on  all  occasions. 

On  the  other  hand,  during  a  similar  application  of  the  gauge,  late  last 
year,  to  various  portions  of  the  ten-mile  section  of  24-inch  pipe  conduit 
between  Hemlock  Lake  and  the  aforesaid  upper  reservoir,  the  fluctua- 
tions were  found  to  be  very  slight,  ranging  from  only  0.02  to  0.03  inch 
at  intervals  of  two  to  four  minutes,  while  during  these  intervals  the  mer- 
cury remained  nearly  stationary.  It  is  therefore  seen  that  on  long,  clear 
and  comparatively  straight  sections  of  24-inch  pipe,  free  from  entrained 
air,  and  discharging  at  the  rate  of  about  11  cubic  feet  per  second,  we  may 
have  at  one  time  extensive  fluctuations  of  the  mercury,  while  at  another 
time  the  fluctuations  are  almost  imperceptible.  For  this  circumstance 
the  most  reasonable  explanation  seems  to  be,  the  presence  or  absence 
of  differences  of  barometric  pressure  at  the  communicating  bodies  of 
■water. 

The  theory  of  Mr.  Thomson,  that  the  fluctuations  are  largely  due  to 
entrained  air,  is  open  to  the  criticism  that  the  existence  of  a  bubble  of 
compressed  air  at  the  top  of  the  main  pipe,  or  even  in  the  tube  leading 
to  the  difference-gauge,  cannot  affect  the  results,  since  differences  of  pres- 
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sure  are  indicated  by  tlie  instrument,  and  because  the  assumed  globule 
of  air  must  have  the  same  pressure  as  the  adjacent  molecule  of  water. 
In  the  case  of  the  escape  of  large  entrained  air  bubbles  from  a  submerged 
pipe,  it  is  jjrobable  that  a  series  of  shocks  would  occur  which  would  be 
indicated  by  fluctuations  of  pressure;  but,  in  the  experiments  described, 
no  appearance  of  any  such  air  bubbles  at  the  outlet  i  i  the  reservoir  was 
detected.  The  suggestion  of  Mr.  Thomson  to  make  use  of  a  circumfer- 
ential pressure-channel  around  the  conduit,  instead  of  attaching  the 
gauge  to  single  taps  at  or  near  the  tojo  of  the  pipe,  is  good,  although  in 
the  case  of  large  pipes  the  application  of  such  a  device  in  the  field  is 
somewhat  difficult. 

It  is  also  to  be  remarked,  in  response  to  the  comments  of  Mr.  Traut- 
wine,  that  the  difference  in  the  magnitude  of  the  simultaneous  oscilla- 
tions in  the  two  legs  or  tubes  of  the  gauge  is  due  to  the  difference  ir 
diameter  of  the  said  tubes,  since  the  volume  of  mercury  displaced  oi 
transferred  from  one  leg  to  the  other  for  a  given  difference  of  pi'essun 
must  be  the  same.  Were  the  two  tubes  exactly  alike  in  diameter,  th( 
rise  of  mercury  in  the  one  would  be  precisely  equal  to  the  fall  in  tht 
other.  Greater  differences  of  pressure  between  the  points  where  th( 
taps  are  inserted  in  the  pipe  are  naturally  attended  with  greater  varia 
tions  of  head  of  mercury,  and  also  with  relatively  greater  fluctuations  o 
oscillations  as  exhibited  in  the  table.  The  24-inch  pipe  behind  th' 
valve  experimented  with  was  kept  full  by  the  back-i3ressure  from  th' 
reservoir,  as  will  be  seen  from  the  drawing. 

With  regard  to  the  construction  of  the  instrument,  the  writer  has  U' 
doubt  as  to  its  capability  of  improvement.  From  the  experience  witl 
the  apparatus  depicted,  it  Avas  found  that  the  slides  for  the  arms  or  tube 
must  admit  of  quick  motion  and  be  set  rapidly,  as  the  mercury  seldon 
remains  quiet;  and  the  question  therefore  arises,  whether  a  greater  re 
finement  of  measurement  than  the  limit  of  error  in  setting  is  necessary 
Practically,  the  slides  can  be  set  to  within  0.01  inch,  and  it  therefor 
seemed  that  a  vernier  scale  reading  to  this  limit  was  sufficiently  accurat 
for  measuring  the  mercury  head  or  distance  between  the  two  slides.  Th 
introduction  of  suitable  floats  or  pointers  on  the  mercury  would,  doubt 
less,  be  an  improvement;  but,  in  this  event,  care  must  be  taken  to  hav 
both  the  interior  of  the  instrument  and  the  mercury  perfectly  clean 
otherwise  a  slight  imi)urity  lodging  between  the  float  and  the  glass  tub 
might  cause  a  failure  of  correct  indication. 

The  method  of  calibrating  the  gauge,  as  described  in  the  iJ.aper,  i 
conceded  by  Mr.  Rafter  to  be  correct,  but  still  he  seems  to  be  dissatis 
fied  with  it  in  some  particulars.  By  actually  measuring  the  head  c 
water  in  feet,  and  with  uniform  graduations  of  inches  on  the  scale  of  th 
gauge,  the  errors  due  to  ditTerences  of  diameter  of  the  tubes  at  difteren 
levels  are  duly  exhibited  in  the  paper,  and  are  seen  to  be  so  very  sligb 
(the  average  differing  only  a  few  thousandths  of  an  inch  from  the  es 


DISCUSSION   ON   LOSS   OF    HEAD   FROM   STOP   VALVE.  467 

treme),  that  it  was  considered  justifial)le  to  make  use  of  the  mean  value  of 
a  head  of  1  inch  of  mercury  thus  found,  in  terms  of  feet  of  water.  For  the 
fact  that  1  inch  of  this  mercury  balanced  12.59  inches  of  the  same  water 
which  was  used  in  the  ex2iei-iments,  instead  of  13.55  inches,  the  writer 
does  not  venture  now  to  offer  an  explanation.  The  metal  was  procured 
of  a  reputable  dealer  and  supposed  to  be  pure.  The  results  obtained 
are,  however,  in  no  wise  vitiated,  as  Mr.  Kafter  appears  to  think,  since 
the  comparisons  are  given  throughout  for  the  eiiuivalent  feet  of  water. 
Any  other  exjierimenter  with  stop  valves  may  therefore  easily  compare 
his  tv^ork  with  that  of  the  writer  by  using  heads  in  feet  instead  of  in 
inches  of  mercury. 

In  relation  to  the  practical  value  of  the  experiments  little  need  be 
said,  since  the  estimate  of  such  work  is  necessarily  governed  to  a  large 
extent  by  the  exiieiience  in  practical  hydraulics  of  the  person  making^ 
it.  Without  impugning  in  the  slightest  degree  the  skill  of  any  one  who 
fails  to  discover  any  utility  in  such  work,  it  seems  to  the  writer  that  a 
computation  of  discharge  through  any  orifice  based  upon  the  use  of  a 
well-established  coefficient,  is  preferable  to  one  which  is  based  upon  the 
displacement  of  a  pump  piston  or  plunger,  whose  actual  loss  of  action, 
or  slii),  is  entirely  unknown.  Again,  in  the  construction  of  a  large  pipe 
conduit  line,  it  may  be  very  desirable  to  know  whether  the  use  of  valves 
which  are  smaller  in  diameter  than  the  pipe  itself  is  admissible.  From 
the  coefficients  obtained,  it  now  becomes  possible  to  compute  with  close 
approximation  the  resulting  loss  of  head  involved  in  such  use  of  smaller 
valves.  Neither  is  it  necessary  to  make  a  rating  of  each  particular 
valve,  unless  great  accuracy  is  required,  since  Mr.  Duane  has  pointed 
out  in  his  remarks  a  close  agreement  in  the  values  of  the  coefficients  for 
a  6,  12  and  24  inch  valve  for  about  the  same  amplitude  of  opening.  In 
ascertaining  the  delivery  of  a  conduit,  also,  whose  exact  diameter  and 
interual  condition  are  unknown,  but  in  which  a  duplicate  stop-valve  is 
available,  the  above  results  are  directly  applicable  with  much  greater 
presumption  of  accuracy  than  would  be  secured  by  the  use  of  the  Chezy 
or  Kutter  formula,  as  proposed  by  Mr.  Hill.  It  is  not  enough  to  merely 
measure  the  loss  of  head  between  a  number  of  points  in  the  pipe  line, 
and  then  assume  the  coefficient  of  fi'iction  and  the  diameter,  since  both 
of  these  elements  are  important  factors  in  the  discharge.  The  results  of 
such  a  computation  with  an  old  line  of  cast-iron  pipe,  whose  components 
were  made  at  several  different  foundries,  might  easily  differ  ten  pev  cent., 
or  even  more,  from  the  truth. 

A  few  words  as  to  the  "  waste  of  algebraic  ingenuity  shown  in  the 
construction  of  the  formula,"  may  also  be  permitted.  Such  formulas 
serve  to  express  the  laws  underlying  the  flow  of  water  through  orifices, 
etc.,  much  better  and  more  compactly  than  tables,  diagrams,  or  state- 
ments ;  and  it  should  be  the  aim  of  every  engineer,  or  experimenter  to 
find  these  laws  from  the  facts  at  hand.     To  simply  publish  a  mass  of 
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undigested  observations  may  be  good  for  the  printer,  but  tlieir  perusal 
becomes  a  source  of  intense  exasperation  to  a  busy  professional  man  "who 
■wishes  to  apply  the  principle  to  a  somewhat  different  case.     If  such , 
■work  has  no  other  value,  it  at  least  serves  to  point  out  to  other  seekers 
after  truth  what  labor  to  avoid,  and  possibly  also  ■what  lines  of  further 
examination  to  follow.     Efforts  of  the  kind  referred  to  cannot  there-, 
fore  be  called  wasted,  but  may  rather  be  termed  sign-posts  on  the  per^ 
plexing  road  to   knowledge,    whose   multiplication   should  rather  be' 
encouraged  than  discouraged. 
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THE  CONTINUOUS  GIRDER  AS  A  TIPPER. 


By  C.  H.  LiNDENBEEGEE,  Assoc.  Am.  Soc.  C.  E. 


The  i^roblem  of  finding  the  strains  on  the  Tipper  has  been  j^retty 
thoroughly  discussed  by  Mr.  Clemens  Herschel,  M.  Am.  Soc.  C.  E., 
years  ago.  Nevertheless,  the  formulas  obtained  by  his  method  are  long 
and  tedious  in  their  application,  and  later  writers  like  Professor  Howe 
and  Professor  Du  Bois  only  indicate  the  general  manner  of  solution  and 
do  not  give  equations  that  can  be  readily  used  in  jjractice,  especially  in 
complex  cases  such  as  a  variable  moment  of  inertia,  loads  varying 
in  amount  in  all  the  spans,  etc. 

It  may  interest  the  members  of  this  society  if  a  method  is  demon- 
strated by  which  any  one  who  can  deduce  the  moments  at  the  suj^ijorts 
for  the  comparatively  simple  case  of  "  sujjports  on  a  level,"  can  imme- 
diately write  the  equations  for  the  moments  for  the  Tijiper,  for  the 
form  in  which  it  usually  occurs  in  practice.  The  analysis  is  new  and 
the  method  quite  different  from  those  of  previous  authors. 

The  Tipper  is  a  continuous  girder  resting  on  ioxir  suj^ports,  but  is 
distinguished  by  the  fact  that  its  two  middle  ones  rest  on  a  bar  or 
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uuyielcling  framework  and  this  again  is  sujiported  at  its  center.     The 
accompanying  figure  will  explain  it. 


The  first  support  is  numbered  1  and  also  the  first  span.  P„  is  a 
weight  on  the  nth  span  whose  length  is  /„  and  a^  is  its  distance  from, 
the  left  support.  il/„  is  the  moment  at  the  «th  supi^ort,  and  will  b& 
considered  positive  when  there  is  tension  on  the  upper  chord  or  flange. 
h,^  is  the  distance  that  the  7ith.  support  lies  below  a  given  axis  of  refer- 
ence. i?,j  is  the  reaction  at  the  nth  support  and  is  j)ositive  when  it 
acts  upward. 

The  only  case  that  need  be  discussed  in  this  paper  is  that  where 
the  axis  of  reference  is  a  line  passing  through  all  four  of  the  support* 
which  are  on  a  level  for  no  load  on  the  girder,  then  evidently  Aj  = 
—  h^  =  h.    Also  the  reactions  at  the  middle  supports  are  necessarily  equal., 

We  will  suppose  three  cases: 

First,  that  the  supjaorts  are  on  a  level  and  are  rigid  and  unyielding* 
and  let  us  call  the  moments  M'.^  and  Ji'g  and  the  middle  reactions  R\ 
and  R'-,  the  girder  being  loaded  in  any  manner  whatever. 

Second,  let  all  the  load  be  removed  and  let  one  of  the  middle 
supports  sink  a  certain  distance  =  h  and  the  other  rise  an  equal 
amount.  Let  us  call  the  moments  M'  o  and  M' -^  and  the  reactions  R"  3 
and  i2  "3.     The  sui^ports  are  to  be  rigid  and  unyielding  as  before. 

Third,  let  the  previous  load  be  again  placed  upon  the  girder  and 
let  us  designate  the  moments  by  il/j  and  il/,  and  the  two  middle  reactions  | 
by  R.2  and  R.^.  It  is  evident  that  these  are  due  to  the  combination  of 
the  effects  due  to  the  two  previous  cases,  or  in  other  words, 

M,  =  M',  +  M',  M,  =  M',  +  M',  J- 

R,  =  R'2  -{-  R" 2  R3  =  ^'3  -\~  -R'.v 

The  difficulty  Avhich  suggests  itself  is  that  we  do  not  knoAv  what  the  1 
proper  deflection  is,  but  it  will  be  shown  that  it  is  only  necessary  to  as- 
sume that  it  is  the  proper  one  for  the  given  loading. 

Now,  in  the  second  case,  since  the  deflection  of  each  of  the  middle  1 
supports  is  equal  in  amount  and  opposite  in  direction,  the  moments  I 
are  proportional  to  the  amount  of  that  deflection  (since  there  is  no  load ' 
upon  the  girder).     In  other  words,  we  have 

3i\  =       F^h (1) 

3f',  =  -F,h (2) 
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Avhere  F.,  auil  F-^  are  constants  for  the  j^articular  girder.  Also,  since 
the  values  of  i?^  and  R^  must  be  equal, 

R'2  +  R" 2  =  R'i  +  R"^,  whence 

•K'2  —  -K'3  =  —  {R".2  —  R"^) (3) 

The  princijjles  of  statics  give  equations  for  the  difference  of  these 
rt>actions  wliich  are  entirely  independent  of  any  theory  of  elasticity,  the 
lirst  one  of  which  is  as  follows: 

Now,  for  convenience,  let  iis  put 

1        2^2  i    I    2  _  J. 

A  "^  4  ~A  ^3  "^  4  ~A 

^  T^    ct,     .    ^  ^    /,         2a 


i.,^+^/.,(i-|.-)-^P,(i-|')  = 


and  we  obtain 


Ji  Is 


and  from  the  above,  remembering  that  in  the  second  case  §  =  0,  we 
obtain  by  the  aid  also  of  equations  (1)  and  (2), 


R"  o  —  R"  t 


R"  n R"  o 


Whence 


-'(^+it)    -3(if+i) 


2I\  =  — 


Therefore 


^3 

Fo 


3  ip 


3L==M',  +  M".,=  ~^ ^^ l--MA^ (4) 

3I,=  JI',  +  J/'3=  -^^^^ ^-^  4-     ^^y^      (5) 

-^  3  -^3 
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The  terms  F2  and  F.^  can  be  comijuted  if  the  construction  is  given 
and  the  correct  theory  is  known.  It  is  to  be  noted  that  so  far  the 
argument  is  deduced  from  a  consideration  of  the  laws  of  statics  alone 
and  nothing  is  said  of  the  method  by  which  the  moments  are  com- 
puted. 

If  the  two  end  spans  are  equal  and  the  girder  is  so  constructed  as 
to  be  symmetrical  in  all  its  parts  with  reference  to  the  middle  of  the 
center  span,  we  will,  according  to  the  ordinary  theory  of  the  continuous 

girder,  have  J/'j  =  —  M\  or  -—-  =  1.     Let  I  be  the  length  of  each  end 

span  and  ml  that  of  the  middle  span,  then/,  =^5 : 
and  the  above  becomes 


ml 


2-\-m 


^2-  2  ~  2  (2  +  m) ^^^ 

M\-yM\            Qml 
^^-'         2         +  2  (2  +  Tw)    ^'^ 

If  these  equations  are  comj^ared  with  those  of  Mr.  Herschel,  it  will 
be  found  that,  for  the  case  he  gives,  the  results  are  identical,  but  it  ia 
evident  that  they  are  practically  simi3ler,  easier  to  remember,  and  also 
much  more  general. 

To  shoAV  that  F.,  =  7^^  for  the   case  just   mentioned  for  variable 
moment  of  inertia,  use  the  formula  ijublished  in  the  journal  of  the 
Franklin  Institute  for  January,  1891,  and  reduce  by  making  G^  =  TV 
and  G,  =  7!,.  1 
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THE   TRANSITION   CURVE    WHOSE   CURVATURE 
VARIES  DIRECTLY  AS  ITS  LENGTH  FROM 
THE  P.  C.  OR  POINT  WHERE  IT  CON- 
NECTS W^ITH  THE  TANGENT. 


By  Willia3i  Cain,    M.  Am.  Soc.  C.  E. 


The  ideal  transition  curve,  to  pass  from  a  tangent  to  a  circular 
curve  of  given  degree,  is  one  whose  curvature  is  zero  at  the  point 
where  it  leaves  the  tangent  (P.  C. )  and  increases  directly  as  its  length, 
measured  along  the  curve,  to  where  it  connects  with  the  circular  curve, 
at  which  point  it  should  have  the  same  tangent  and  rate  of  curvature 
as  the  circular  curve.  By  the  use  of  such  curves  on  railroads  or  street 
oar  lines  to  ease  off  the  ends  of  circular  curves,  the  sui3er-elevation  of 
the  outer  rail  for  the  circular  part  is  gradually  attained  without  shock, 
and  the  sudden  change  from  the  tangent  to  a  circular  curve,  so  often 
experienced  on  unadjusted  railroad  curves,  with  its  annoying  and  dam- 
aging lurch,  is  avoided. 

A.  M.  Wellington,  M.  Am.  Soc.  C.  E. ,  was  the  first  to  propose  such  a 
transition  curve,  and  recently  Mr.  C.  K.  Howard  has  given  his  treatment 
of  the  same  curve.  As  both  these  authors  develop  the  theory,  to  some 
extent,  from  approximate  considerations,  it  occurred  to  the  author  to 
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endeavor  to  make  an  exact  solution,  and  it  is  here  presented.  The 
solution  is  simple  and  direct,  and  requires  only  a  knowledge  of  a  few 
elementary  principles  of  the  calculus.  Certain  constants  will  be  com- 
puted and  certain  useful  approximate  formulas  will  also  be  deduced. 

In  Fig.  1,  let  the  transition  curve  SEL  begin  at  S  and  be  tangent  to 
the  axis  SY.  Refer  the  curve  to  rectangular  axes  SY  and  SX  and 
denote  the  co-ordinates  of  any  point  L  by  X  and  Y  {KL  =  x  and  SBl 


=  y)  and  the  length  of  curve  SEL  by  s.  At  L,  the  transition  curve  (o] 
spiral)  has  the  same  tangent  and  degree  of  ciirvature  (Z>  )  as  the  circulw 
curve  DLM  (of  radius  r)  Avith  which  it  connects.  A  similar  notatioi 
would  apply  to  any  other  point  on  the  curve  as  L' . 

The  tangent  at  L  makes  the  angle  a  with  the  tangent  SY ;  therefor* 
when  a  is  expressed  in  "  circular  measure  "  or  in  "arc,"  the  "  curvS' 
ture  "  at  the  point  L  [x,  y)  is  represented  by, 

limit  f£LO=  —  =-; 

and  this,  by  the  definition  of  the  curve,  must  equal  a  constant  (2a 
times  s. 

•  •  -T  =  -  =  2as 1 

ds         r 

whence, 

<r  =  as" (2 

since  a  =  o  when  s  =  o.     From  (1)  we  have  likewise  r  =  oc  when  s  =  o 
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From  tlie  cliflferential  triangle,  we  bave  — 

d.v  =  (Is  sin.  a  =  ds  sin.  (as') (3) 

di/  =  ds  COS.  a  =  ds  cos.  {as') (4) 

As  these  expressions  cannot  be  integrated  in  finite  terms,  the  equa- 
tion of  the  curve  in  terms  of  x  and  7/  cannot  be  obtained. 

In  practice,  the  curve  OL  will  be  run  by  measuring  N  chords  of  c 
feet  each  along  the  curve.  When  these  chords  are  sufficiently  short, 
they  can  be  regarded  of  the  same  length  as  the  arcs  subtended  by  them, 
hence  we  shall  always  write, 

s  =  Nc (5) 

for  the  length  of  curve  from  the  origin  S  to  any  point  considered,  as  L. 
In  running  circular  curves,  such  a  chord  length  should  be  taken 
that  the  arc  and  chord  are  practically  equal.  Thus  for  1,  2,  3  and  4 
degree  curves,  chord  lengths  of  100  feet  may  be  taken;  for  8-degree 
curves,  50-foot  chord  lengths  should  be  used,  and  so  on;  in  which  case 
bhe  degree  of  any  curve  D°  (as  for  DLM  at  L)  is  equal  to  the  radius  of 
1-degree  curve  di^^ded  by  r 

^o        18  000       36  000 
.• .  JJ     = = as (6) 

nr  It  ^ 

To  express  the  arc  a  (equation  2)  in  minutes,  we  notice  that  its  ratio  to 

semi-circumference  whose  radius  is  one,  is  —  and  multiplying  this  by 
180  X  60,  we  find  from  (2)  and  (5) 

a  (in  minutes)  =  ""  ^^^  ^^'^^  180  x  60=  —  180  x  60 

Tt  It 

r        •      .     N         180x60    2^,2 
.• .  a  (m  minutes)  =  a c\N  . 

Now,  as  a  and  n  are  constant,  we  see  that  a  varies  with  (?N'^,  and  if 
ye  assume,  as  Mr.  Howard  does,  for  any  length  of  chord  c,  that  a  is  the 
ame  for  the  same  value  of  N,  and,  in  minutes,  is  equal  to  6  N'  (as  by 
ihe  above  equation  it  varies  as  N^),  we  have — 

a  (in  minutes)  =  6  iV^^ (7) 

Of  course,  we  have  a  right  to  use  any  other  constant  than  6  as  the 
soefficient  of  N'  (and,  doubtless,  others  will  be  used  in  time  in  addition), 
mt  having  assumed  (7)  as  a  fundamental  equation,  we  must  find  the 
jorresponding  value  of  a  by  equation  (7)  and  the  equation  just  above 

It;  whence — 
1 


1800  (f' 


(8) 
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On  substituting  tliis  value  of  a  in  (6),  we  have — 

^o      18  000       36  000  20s       20iV 

I)   = =  — -—as  =  --^  = (9), 

Ttr  It  c  c 

whicli  gives  tlie  degree  of  curvature  of  the  transition  curve,  N  stations 

of  c  feet  each,  from  the  origin  s.     If  it  connects  there  with  the  circular 

curve,  the  tangent  and  degree  of  curvature  at  the  connecting  point  are 

the  same  for  both  curves. 

s 
By  multiplying  both  sides  of  equation  (9)  by  haTj  we  have — 

I)°s  _  D'^Nc  _   202V      N^_N^. 
200  "~     200    ~     c       ■  200  ""   10 ' 

but  from  (7),  a  in  degrees  =  =  -yrr- ;  hence — 

n:  (in  degrees)  =-^=-^' (10) 

In  Fig.  1,  at  0,  the  center  of  the  circular  curve  DLM,  having  at  L 
the  same  tangent  and  degree  of  curvature  as  the  spiral  SEL,  draw  a 
perpendicular  0(7  upon  the  tangent  SY,  cutting  the  spiral  at-EJand  the 
circular  curve  produced  at  D  and  draw  the  chords  SL  and  DL.     Then 

LOG  =  ex  —  LTK  and  ,-K?r=  number  of  100  foot  stations  in  arc  DL 

.'.  B°  — jfTfT—  =  total  angle  turned  in  length  DL  =  a  =  ^qq     by  (10); 

whence — 

arc  DL  =  i  s  =  ^  length  of  spiral  SEL (11) 

From  this  we  have,  since  for  flat  arc  LD  ^:^  LE  nearly,  LE  =  i  , 
SEL  or  i^oint  E  is  nearly  at  middle  of  spiral.     The  "gap"   CD  =  q 
between  the  tangent  s//  and  the  circular  curve  may  then  be  regarded 
as  the  offset  at  the  middle  of  the  transition  curve  from  circular  curve  \ 
to  tangent  sy. 

We  can  deduce  two  useful  formulas  by  aid  of  (9)  above. 

20  JV^ 


(12) 

D^  ' 

20  ^' 

Nc  =  .s  =  ^^ (13) 

D^ 

We  shall  next  deduce  expressions  for  computing  x  and  y  for  given 

values  of  s.     From  equation  (3)  we  have,  develoi:)ing  sin.  {as")  by  the 

usual  formula — 

d.v  —  ds  (as-  —  -g  [as  ■)   +  ^^q-('''*')''  — etc.  J  ; 
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Avhence  integrating  and  making  the  constant  zero,  since  x  =  o,  wlien 
.s  =  0,  and  placing  for  brevity  a  for  [as')  from  (2),  we  have — 

''^^^"Vy-  42  +1320  -  ''*''•/ ^^^^ 

Proceeding  similarly  with  dt/  =  ds  cos.  [as'),  and  we  deduce, 

•^==^0-11]-+  ^+9^60  +"*"•) (15) 

From  (8),  a  =  ..„„„  ,^;   hence  a  in  equations  (14)   and  (15)  is  given  (in 
length  of  arc  on  a  unit  circle)  by — 

a  =  as-  =  ac^N-  =  -^  iT'  =  .001745329  iV'-; 

.-.  log.  a  =  7.2418774  —  10  +  log.  {N") (16) 

The  above  value  of  a  can  be  obtained  likewise  from  equation  (7). 
It  is  independent  of  c,  as  in  fact  was  assumed  from  the  first ;  but  since 
s  =  Nc,  the  values  of  both  x  and  y  above,  vary  directly  as  c.  Hence, 
if  we  compute  from  (14)  and  (15)  successive  values  of  x  and  y  for  c  = 
100,  corresi)onding  to  i\r  =  1,  2,  3 ....  15,  and  denote  these  values, 
respectively,  by — 

X^,  X.,,  Xj X,5, 

F„  Y,,  F3....F,,, 
the  subscripts  denoting  the  station  to  which  they  refer;  then  when  c 
has  any  other  value  than  100,  we  have  by  (14)  and  (15), 

Xc         0.2  NX 


100  "         2)C 


(17) 


_    Yc  _    0.2NY  ,„. 

^  -  100~"      i)«      *i^) 

The  last   forms  being  derived   from    (12)  by  putting  for  c  its  value 

20  JV^ 

The  resTilts  of  the  compiitation  are  given  in  the  adjoining  table 
under  the  corresponding  values  of  N,  given  at  the  tops  of  the  columns. 

In  computing  the  values  of  X  given  by  (14),  it  was  found  that  the 
results  could  be  found  correctly  to  the  last  figure  given,  for  iV=  1,  2, 
by  taking  only  the  first  term  of  the  iiarentheses  and  neglecting  the 
others;  for  iV  =  8,  4,  5,  6,  7,  8,  9,  10,  11,  two  terms  are  needed,  and 
for  N  =  12,  13,  14,  15,  only  three  terms  are  required. 
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For  the  values  of  V,  two  terms  of  the  parenthesis  in  (15)  were  used 
uj)  to  iV  =  9;  for  greater  values  of  iV  three  terms  only  are  required. 
A  six-figure  table  of  logarithms  was  used  except  for  the  larger  values, 
where  a  seven-place  table  proved  desirable. 

The  series  is  very  converging  for  the  small  values  of  a  used,  and, 
in  fact,  would  answer  for  much  larger  values. 


JV. 

1 

Z 

3 

4: 

5 

6 

7 

8 

X 

.058178 

.46542 

1.57074 

3.72316 

7.27121 

12.5628 

19.9445 

29.760 

T 

100.000 

199.999 

299.993 

399.969 

499.904 

599.763 

699.488 

799.002 

F 

.25000 

.25000 

.25000 

.25000 

.25001 

.25002 

.25005 

.25011 

Q 

.002909 

.046542 

.235611 

.744632 

1.81785 

3.7692 

6.982 

11.910 

a 

6' 

24' 

54' 

1-36' 

2°  30' 

3°  36' 

4°  54' 

6°  24' 

A 

2' 

8- 

18' 

32' 

50' 

1°12' 

1''38' 

T  07'  59" 

N. 

9 

10 

11 

13 

100.078 
1192.442 
.25056 
60.180 
14°  24' 
4°  47'  51" 

13 

14: 

15 

X 

r 

F 

42.351 
898.201 
.25018 

19.071 
8°  06' 
2°  41'  58" 

58.051 
996.958 
.25026 
29.056 
10°  00' 
3°  19'  57" 

77.188 
1095.104 
.25038 
42.519 
12°  06' 
4°  01-  55" 

127.024 
1'288.735 
.25077 
82.819 
16°  54' 
5°  37'  45" 

158.310 
1383.706 
.25104 

111.278 
19°  36- 

6°  31'  37' 

194.197 
1477.033 
.25137 

q 

146.448 

22°  30' 

A 

7°  29'  25" 

The  angle  made  by  a  chord  drawn  from  station  0  {S)  to  station  N, 
with  the  axis  SY  (Fig.  1),  will  be  designated  by  J„.  This  angle  is 
readily  found  from  the  formula^ 

100.078 


tan.  z/„  = 


(20) 


Thus,  for  Jj2  ^'^  have  tan.  A^^  = 


;  Avheuce  Jjj  =  4"^  47'  51" 


1192.442 

The  values  of  the  angles  J  are  inserted  in  the  adjoining  table  under 
the  proper  value  of  N,  and  the  values  of  a  derived  from  equation  (7) 
are  placed  above  for  comparison,  from  which  Ave  note  that  if  we  exjjress 
z/  to  the  nearest  minute  that 


J  =  —  =  2iV^  (in  minutes) , 
o 


(19) 


except  for  N  =  15,  where  the  error  of  using  the  formula  is  35  seconds,  a 
matter  of  no  practical  importance.  There  is  no  use  to  be  made  of  (19), 
however,  except  in  checking  roughly  the  values  of  J  in  the  table.  If 
the  table  is  extended,  as  it  easily  can  be,  to  any  desirable  values  of  N, 
the  values  of  tan.  /I  must  all  be  computed  by  dividing  the  X  by  the 
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corresponding  Y  and  finding  the  angle  J  corresponding.  As  in  prac- 
tice, the  table  will  always  be  at  hand,  there  is  no  need  for  formula  (19) 
excei)t  in  checking  for  the  smaller  values  of  JV. 

The  angle  made  by  any  chord  connecting  any  two  stations  of  the 
curve  with  the  IFaxis  (line  -ST"),  will  be  designated  by  i  with  two  sub- 
scripts, giving  the  station  numbers  through  which  the  chord  is  drawn; 
thus  /3_^  indicates  the  angle  made  by  the  chord  joining  stations  3  and 
9  with  the  I^axis.     Its  value  is  readily  found  from  the  equation, 

Xg—X^_  40.7803 
tan.  t,  _  9  _  ^-^  _  ^^  _  ggg  ^Qg 

to  be  (.._,,  =  3°  54'  00". 

Similarly,  we  find  the  inclinations  of  all  the  chords  to  the  Y  axis, 
these  chords  being  drawn  between  any  two  stations  whatsoever. 

A  demonstration  of  a  more  rapid  way  of  computing  these  angles  to 
the  nearest  minute  will  be  given  further  on. 

Line  Q  in  the  table  gives  the  jsroduct  ql)°,  where  q  is  the  distance 
CD  (Fig.  1)  and  D°  the  degree  of  the  circular  curve  LA.  We  find  this 
product  as  follows: 

Call  for  bre\-ity,  B^  =  radius  of  a   1-degree  curve  =  5729.65;  then 

(Fig.  1),  i?=  ^  and  q  =  KL  +  OF  —  OD  =  x  +  E  cos.  a  —  R. 

Therefore  from  (17), 

■  27VX     i?i  (cos,  g  — 1) 
'I—     jjo    +  j)o 

.-.  Q  =  qD°  =0.2  NX— R^  (1  —  cos.  a) (21) 

Calling  now  the  ratio  of  q  to  the  ordinate  at  i  :=  i^,  we  have, 

9_         qDo  Q 

X       .2XX      .2NX '^     ' 

In  computing  the  quantities  Q  and  F  given  in  the  table,  a  seven- 
figure  logarithmic  table  was  used  except  for  i\r  =  1  to  6  inclusive, 
"where  a  ten-place  table  was  needed.  This  last  computation,  though,  is 
not  absolutely  necessary,  as  we  shall  see  presently  that  for  iV  small,  the 
value  of  F  must  approach  one-fourth,  as  given  in  the  table.  If  we  as- 
sume it  then  at  0.25  for  iV^=  1,  2,  3,  4,  we  have  from  (22)  Q  =  .05iVX 
for  these  values  of  N  as  given  in  the  table. 

The  fundamental  formulas  given  above  are  all  that  are  needed  for 
solving  any  problem  concerning  the  transition  curve. 
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ApPROXISIATE   FoRMUIiAS. 

On  referring  to  tlie  table  of  quantities,  we  notice  tliat  the  ordinate 
X  at  the  middle  of  any  length  of  curve  is  nearly  one-eighth  that  at  the 
end.  Thus  J  X^.,  =  12.51,  and  this  is  nearly  equal  to  Zj,  =  12.56.  We 
can  see  that  this  is  generally  true  if  we  write  x  =  ^  as^  ajiproximately 
from  (14)  on  neglecting  all  terms  after  the  first;  then  designating  by  x^ 
the  ordinate  corresj^onding  to  s„  =  ^s,  we  have  x„  =  ^  (^  ns^)  or  one- 
eighth  the  extreme  ordinate  ,^^ 

The  equation  x  =  ^  ay^  is  that  of  the  cubic  parabola,  and  we  see 
that  the  equation  x  ^  \  as^  closely  approximates  to  it  for  very  flat  arcs. 

We  have  found,  for  flat  arcs,  that  radius  OD  (Fig.  1),  drawn  from 
0  perjDendicular  to  SK  prodiiced,    nearly  exactly    bisects  the  curve 

SEL;  hence  SG  is  nearlv  equal  to  LD,  and  since  z/  (in  arc)  =  -^rr<  nearlv, 

a  FD  a 

and   -^    (in  arc)  =  DLF  (in  arc)  =  yj]  ^^^  "^  ~  ^    nearly,    we    have, 

aj)proximately, 


(I) 


CG    _    2 
FD  3 


or  since  CG  =  -^  =-  —  .  • .  FD  =  —  x,  and, 
2  2  4 

DC  :^  FC  —  FD  =^  X  —  i  X  =  i  X  =  q. 
This  last  result  explains  why  ^  =  -^   in  the  table,  is  i  =  0.25,  for 

X 

small  values  of  N. 

Now,   since   CE  =  x^=^  I  x  (nearly),  as  shown  above,  and  7  ^ — 

4 

(nearly)  we  have  approximately, 

GE=l  CD=h  q; 
so  that  the  curve  SEL  nearly  bisects  the  distance  q  between  the  tangent 
and  the  circular  curve. 

We  shall  now  proceed  to  deduce  formulas  for  quickly  computing 
the  angles  i  to  the  nearest  minute. 

We  have  seen  that  the  formula  (19),  J  =  a  ~  3,  is  correct  to  the 
nearest  minute  iip  to  and  including  X=  14  (and  near  enough  for 
]V  ^  15).  In  fact,  it  is  exact  to  the  second,  up  to  and  including  JV  =  7. 
Referring  now  to  equation  (14)  and  neglecting  all  terms  in  the  paren- 
theses after  the  first,  and  calling  ,*;'  the  approximate  value  of  .-c,  avo  have 

x'     1 
7=3  «' 
and  this  equals  J  to  the  nearest  minute  within  the  limits  taken. 
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We  should  naturally  iufor,  Avitliiu  the  same  limits,  that  the  angle  i 
(in  circular  measure)  could  be  expressed  by  a  similar  approximate  for- 
mula, 


_  -"I 


1  _  ,.i 


where  .r,'  — .r'  is  the  difference  in  the  ordinates,  computed  by  the  approxi- 
mate formula  above,  and  Sj  —  s  is  the  length  of  curve  between  them. 
This  formula  reduces  to  the  preceding  when  ,<;'  and  s  are  zero,  in  which 
case  i  reduces  to  J. 

We  have .r'  =  |  as  =  |  as''  =  i  ac'*  iV''  ; 

hence, 

'-S1-S-3     c{N,-N)    -    ^^^'  ^^'^^^  >• 
Beplacing  acr  by  its  value  .,  (equation  8)  and  multiplying  both  sides 

of  the  equation  by to  reduce  to  minutes,  we  have, 

i  (in  minutes)  =  2  [N{  -\-  N^  N  -\- N-) (23) 

This  gives,  approximately,  the  angle  i  in  minutes,  for  the  inclination  of 
the  chord  passing  through  stations  N  and  N^.  It  is  e\ddently  immate- 
rial which  Ave  take  as  the  forward  station,  as  the  same  method  of  i3ro- 
cedure  will  lead  to  the  same  formula  (23),  whether  N^  or  iNTbe  regarded 
as  the  forward  station. 

As  an  application,  let  iVj  =  10,  iV  =  5  ; 

. •.  i,_io  =  2  (10-  +  10  X  5  +  5'-)  =  350'  =  5^  50', 
•which  is  correct  to  the  nearest  minute,  and,  in  fact,  differs  only  a  few 
seconds  from  the  exact  value.  It  is  found,  by  trial,  that  the  formula 
can  be  safely  used  up  to  iV=15  for  computing  i  to  the  nearest  minute. 
Where  a  whole  table  has  to  be  computed,  it  is  more  expeditious  to  jaro- 
ceed  by  the  method  of  differences.  On  changing  N  to  (^-f-  1)  in  (23), 
we  get  the  angle  i  for  the  chord  from  station  {N  +  1)  to  station  N^. 
Subtracting  (23)  from  this  we  have  the  angle  between  the  two  chords 
from  iVto  N^  and  (^4-  1)  to  ^1  equal  to  (in  minutes), 

1st  difference  =  2  (iV^i  +  2  iV^  +  1) (24) 

As  j^  increases  one  at  a  time,  the  first  difference  increases  4' ;  hence, 

2d  difterence  ^4'. 
We  observe  from  the  formula  (23)  that  for  ^=0,  i  z=  A  =  2iV,-,  w-hich 
agrees  with  (19),  and  for  ^=  ^1  we  find  that  the  right  member  be- 
comes &N^,  which  by  (7)  is  exactly  equal  to  the  a  corresponding  to  the 
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station.  Hence,  starting  with  iV"=  0  in  (23),  wliicli  gives  A,  and  increas- 
ing N  one  at  a  time,  we  compute  the  corresj)onding  z's  until  iV  =  iVj  is 
reached,  when  the  ex  at  stations  N  ^  N■^i?,  found.  As  N  again  increases 
one  at  a  time  the  corresj)onding  z's  are  found. 

In  Fig.  2  is  given  an  illustration  for  iVj  =  5  .  • .  first  diflference  = 
12  +  4iVby  (24)  and  second  diflference  =  4. 

For  N  ^  Q,  angle  between  chords  05  and  15  =  12' 
i^=l,     "  "  "       15    "    25  =  16' 

N=%     "  "  "      25    "    35  =  20' 

Similarly  for  the  others,    starting    with  z/j  =  50'   and   adding  the 
Biiccessive  diflferences  above,  we  deduce  at  once  the  values  given  in  the 
figure:  i^^  =  50  +  12  =  62',  U_,  =  78',   i^,  =  98',  i,_,  =  122',    i^  = 
a'5  =  150',  Z5_g  =  182',  and  so  on. 
o  I 


-^>^ 


Mr.  Howard  has  noted,  without  demonstrating  it  generally,  however, 
that  the  above  procedure  would  lead  to  the  same  values  of  i  (to  the 
nearest  minute),  as  is  found  by  a  more  exact  method.  An  interesting 
result  will  now  be  noted. 

The  angle  i  that  a  chord  from  station  N^- —  1  to  station  iVj  makes 
with  the  Y  axis,  is  found  from  (23)  by  changing  N  to  N^^x- 

.-.  i  =  6iVi-  —  6iVi  4-  2. 
Subtracting  this  from  the  a  at  N^  =  6^i^,  we  have  a  —  /  =  6JVj  —  2. 

If  Ny  is  the  point  of  connection  with  the  circuhir  curve,  we  have,  D^ 

20iV 
= ,  and  the  first  deflection  from   the   tangent  on   the   circular 


curve  for  a  chord  of  c  feet  is  ^  60  2)° 


100 


=  6Ni  minutes. 


This  is  greater  by  2  minutes  ahvays  than  the  angle   between  the 
tangent  at  station  N^  and  the  chord  from  station  iVj  —  1  to  station  N^, 
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as  we  liave  just  found  the  latter  angle  to  equal  [Q  N^ — 2)  minutes. 
This  is  as  it  should  be,  for  from  the  definition  of  the  curve  the  curvature 
increases  regularly  up  to  the  point  of  connection  with  the  cii'cular  curve, 
at  which  point  alone  the  transition  curve  has  exactly  the  same  rate  of 
curvature  as  the  circular  cui've. 

Having  given  above  the  methods  for  computing,  either  exactly  or 
api^roximately,  all  needed  elements  of  the  transition  curve,  only  a  hint 
remains  to  be  given  as  to  the  method  of  running  in  the  curve.  By 
formulas  (17)  and  (18)  x  and  y  can  be  qiiickly  found,  by  aid  of  the 
tabular  values  of  Xand  Y,  and  the  stations  located;  otherwise,  with  a 
table  of  values  of  J,  a  and  i,  the  curve  can  be  run  by  the  method  of 
deflection  angles,  as  in  the  case  of  a  circular  curve,  and  with  equal 
facility. 
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THE  MAIN  RELIEF  SEWER  OF  BROOKLYN. 


By  WrLLAKD  Beahan,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


The  relief  of  the  overcharged  sewers  of  our  older  and  growing  cities 
is  one  of  the  isroblems  in  engineering  now  before  us.  The  Main  Relief 
Sewer  of  the  City  of  Brooklyn,  N.  Y.,  has  at  the  outset  the  merit  of  an 
explanatory  name.  It  is  now  comi^leted,  with  marked  success,  by  the 
Department  of  City  "Works  of  Brooklyn,  of  which  Mr.  John  P. 
Adams  is  Commissioner,  Robert  Van  Buren,  M.  Am.  Soc.  C.  E., 
Chief  Engineer.  L.  Russell  Clapp,  M.  Am.  Soc.  C.  E. ,  was  Assistant 
Engineer  in  charge.  The  western  portion  of  Long  Island,  on  which 
the  city  is  situated,  has  rugged  topographical  features,  which  grow 
less  marked  as  the  Narrows  are  approached,  but  which  form  the  dis- 
tinctive feature  of  the  site.  The  city  is  divided  into  sewer  districts, 
the  boundary  lines  of  which  are  the  dividing  ridges  in  the  secondary 
or  tertiary  drainage.  Each  district  is  distinct  in  system,  the  combined 
system  of  sewers  is  used,  and  the  main  sewer  of  each  district  empties 
into  tide  water.  The  sewers  are  of  various  dates  of  construction; 
some  are  of  vitrified  pipe,  some  of  cement  pipe,  and  the  main  district 
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sewers  are  of  brick  or  stone.  In  the  recent  rapid  growth  of  the  city, 
those  in  the  old  residence  district  of  Brooklyn  Heights  needed  to  be 
supijlemented.  Much  of  the  new  residence  district  is  found  in  Sewer 
Districts  "F,"  "K  "  and  "L,"  whose  main  sewers  became  surcharged 
in  storms.  To  relieve  all  of  District  "F  "  and  the  portions  of  Districts 
"K"  and  "L"  lying  south  of  Greene  Avenue  is  the  object  of  the 
Main  Relief  Sewer  of  which  we  speak.  The  accompanying  map  clearly 
shows  the  situation  (Plate  XLII). 

For  the  outlet  of  the  new  sewer,  it  was  decided  to  use  the  Gowanus 
Canal,  this  giving  the  shortest  egress  to  tide-water.  As  it  was  to 
carry  excess  water  in  storms,  its  outflow  would  imjjrove  rather  than 
injure  the  condition  of  the  canal.  Starting,  then,  at  the  head  of  the 
Gowanus  Canal,  near  Butler  Street,  at  a  point  between  Nevins  Street  and 
Bond  Street,  the  first  district  main  to  be  relieved  is  the  Raymond  Street 
main,  at  the  foot  of  Hanson  Place,  this  conveying  all  of  the  drainage 
of  District  "F. "  The  next  is  the  Grand  Avenue  main,  intercepted  at 
Grand  and  Greene  Avenues,  and  there  charged  with  the  sewage  of 
the  part  of  District  "  K  "  which  lies  south  of  Greene  Avenue.  The 
poi-tion  of  District  "L"  lying  south  of  Greene  Avenue  is  relieved  at 
three  jioints  on  Greene  Avenue,  viz.,  Bedford,  Nostrand  and  Marcy 
Avenues.  At  Marcy  Avenue  is  the  jj resent  terminus  of  the  Main  Relief 
Sewer ;  its  location  is  shown  on  the  maj),  and  its  length  is  12  300  feet. 

The  drainage  area,  the  sewers  of  Avhich  are  intercepted,  is  2  000 
acres.  The  flood  water  of  storms  was  that  for  which  provision  was  to 
be  made,  and  the  house  drainage  was  to  be  allowed  to  flow  by  in  the 
present  mains.  It  was  deemed  safe  to  provide  for  the  storm  water 
from  an  area  of  1  300  acres.  The  maximum  rainfall  in  Brooklyn  is 
4  inches  per  hour,  and  of  this  it  was  assumed  that  1  inch  per  hour 
■would  reach  the  Relief  Sewer.  The  bottom  of  the  invert  at  Gowanus 
Canal  ^v^as  fixed  at  the  elevation  of  mean  high  water  for  that  place, 
thus  establishing  the  grade  elevation  at  the  outlet.  At  Nostrand  Ave- 
nue on  Greene  Avenue,  it  will  be  noticed  that  the  profile  (Plates 
XLm  and  XLIV)  shows  low  ground,  and  the  bottom  of  the  brick- 
work of  the  Nostrand  Avenue  main  sewer,  where  it  crossed  Greene 
Avenue,  was  a  jjoint  the  elevation  of  which  controlled  the  maximum 
elevation  allowable  for  the  top  of  the  brickwork  of  the  Main  Relief 
Sewer,  thus  giving  a  second  controlling  i)oint  in  the  grade  line.  The 
level  of  the  ground  water  for  the  citv  as  caused  bv  rains  and  held  bv 
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impervious  ground  is  at  an  elevation  of  about  11  feet  above  higli  tide. 
Strictly  speaking,  this  water  level  is  an  inclined  j^lane,  and  fluctuates 
at  times,  rising  at  occasional  i^oioits  in  a  way  not  readily  accounted 
for.  To  lay  a  sewer  grade-line  so  that  the  bottom  of  the  excavation 
passes  below  this  plane,  necessitates  ceaseless  pumping. 

The  elevation  of  this  water  at  different  i^oiuts  along  the  line  of  the 
sewer  was  next  determined  by  boring  ;  the  character  of  the  material 
to  be  met  with  on  the  line  of  the  sewer  being  determined  at  the  same 
time.  At  the  Department  of  City  Works  of  Brooklyn  the  results  of 
borings  are  given  but  little  credence.  The  writer  inclines  to  the 
opinion  that  the  little  that  can  be  done  in  boring  is  a  small  fraction 
of  what  we  assume  ourselves  able  to  do.  The  complete  record  of  the 
gross  errors  of  conclusion  made  from  borings,  would  stagger  any  man. 
On  Liong  Island  a  couple  of  men  had  been  seen  digging  wells  for 
farmers  in  a  way  that  seemed  to  be  adaj^ted  to  the  problem  in  hand. 
They  were  employed  to  sink  test  shafts  4  feet  square  on  the  center  line 
of  the  proposed  sewer  to  and  below  the  proposed  sewer  sections,  using 
four  horizontal  boards  in  a  rectangle,  notched  and  i^inned  together  at 
the  corners.  They  thus  built,  as  did  the  Irishman  his  chimney — "from 
the  toj^  downward,"  to  the  water  surface.  Notes  of  the  material  were 
kept  as  they  progressed,  and  the  distance  to  water  surface  noted;  the 
material  met  Avas  the  drift  on  which  Brooklyn  is  built,  consisting  for 
the  most  part  of  sand  and  gravel.  The  sand  was  sometimes  dry  and 
fine,  but  usually  damjj  enough  to  stand  well.  The  gravel  was  of  all 
jjossible  sorts  ;  it  was  cemented  together  in  some  places,  and  in  a  few 
instances  was  a  mass  of  cobble  stones  with  no  intermixed  material. 
Clay  or  hard  pan  was  met  on  Hanson  Place.  Heavy  granite  boulders 
were  found  sometimes  in  the  clay,  sometimes  in  sand  or  gravel,  but 
always  in  passing  into  or  away  from  the  clay.  These  boulders,  as  it 
was  subsequently  found,  ranged  from  the  size  of  a  cobble. stone  to 
those  containing  10  cubic  yards.  In  sinking  the  shaft  at  St.  Felii 
Street  and  Hanson  Place,  a  water  pocket  was  met  in  the  sand,  necessi- 
tating tight  curbing  for  some  12  feet.  Clay  tinderlaid  this  water,  and 
probably  a  depression  in  the  upper  surface  of  this  clay  stratum  caused 
the  water  to  collect  there.  The  bottom  of  the  pocket  was  nearly  » 
low  as  the  toj)  of  the  proposed  brickwork. 

The  form  of  section  chosen  for  the  sewer  was  a  circle,  except  whei 
the  head  room  was  insufficient  for  such  a  section,  as  this  is  the  strougei 
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section  for  loose  material  and  the  section  of  least  resistance  to  the 
full  flow.  The  only  change  from  this  form  Avas  at  the  outlet  on  Butler 
Street,  where  there  Avas  insufficient  head  room,  and  I-beams  were 
required  ;  on  this  account  the  gradient  on  this  street  was  increased, 
since  the  reduced  section  required  it.  The  grade  line  as  adojited  is 
shown  on  the  profile. 

After  construction  had  begun,  owing  to  excessive  storms,  or  the 
fact  of  a  layer  of  quicksand  at  Shaft  No.  3,  the  water  there  was  found 
to  be  higher  than  the  test  shafts  had  shown,  and  the  jjumps  removed 
the  sand  with  the  water.  The  gi-ade  line  was  raised  to  correspond 
with  the  water  surface  as  found,  although  some  pumping  was  required 
while  laying  the  bottom  courses  of  brick,  for  a  long  way  fi"om  this 
shaft.  The  author  does  not  seek  to  explain  this  change  in  water  level. 
It  is  now  jilain  that  to  raise  the  grade  line  was  the  only  practicable 
solution. 

Of  the  entire  drainage  area,  2  000  acres,  of  the  three  sewer  districts 
relieved  but  1  300  acres  Avould  ever  empty  storm  water  into  the  sewer 
to  be  built,  on  which  let  us  take,  as  stated,  the  maximum  rainfall  per 
hour  as  4  inches,  of  which  1  inch  per  hour  reaches  the  sewer  as  a 
maximum.  By  Kutter's  formula,  Q  =  nv  where  v  =^  c  ^"^  Deter- 
mining c  for  a  coefficient  n  in  the  formula  =  .015  for  brick,  and  using  a 
fall  of  1  in  1  000,  we  get  for  a  circular  sewer  15  feet  in  diameter  v  = 
237.9  X  .031623  =  7.52.  .  •.  Q  =  176.72  x  7.52  =  1325.4  cubic  feet  per 
second  for  the  maximum  discharge.  One  inch  per  hour  on  1  300  acres 
IS  1  313  cu.bic  feet  per  second.  Fifteen  feet  is  the  diameter  employed 
below  where  the  Raymond  Street  sewer  enters,  and  the  gradient  is 
somewhat  steeper  than  1  in  1  000  over  that  section. 

The  general  structure  of  the  sewer  is  briefly  described  thus  (Plate 
XLV):  Starting  at  its  upj^er  end  on  Greene  Avenue,  beyond  Marcy 
iVvenue,  w^e  haA'e  a  circular  brick  sewer  10  feet  in  diameter,  and  at 
Marcy  Avenue  one  of  12  feet  in  diameter.  At  Marcy,  Nostrand  and 
Bedford  Avenues,  the  sewers  of  District  "L"  are  intercepted.  Just 
before  reaching  Grand  Avenue  the  diameter  increases  to  14  feet,  and  at 
rand  Avenue  the  main  sewer  of  District  "K  "  is  relieved.  At  Eay- 
nond  Street  and  Hanson  Place  the  diameter  of  the  sewer  is  increased  to 
L5  feet,  and  the  main  from  District  "F"  relieved.  Just  after  leaving 
Fourth  Avenue  and  turning  doAvn  Butler  Street,  the  head  room  is  insuffi- 
dent  for  a  circular  sewer  of  such  diameter,  and  a  segmental  invert,  verti- 
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cal  side  walls  and  a  flat  toj)  composed  of  I-beams  (Plate  XL VI),  with 
flat  brick  arches  to  fill  spaces  between  these  beams  and  carry  the  street 
surface,  are  employed.  Finally,  we  have  the  large  trap  basin  with  all 
its  appurtenances,  at  tide  water  at  the  canal. 

The  estimate  of  cost  was,  at  the  first,  $1  000  000.  The  actual  cost 
was  kept  within  that  estimate. 

The  method  of  construction  was  the  next  thing  to  be  decided.  At 
Vanderbilt  Avenue  the  depth  from  the  surface  of  the  street  to  the  bot- 
tom of  the  invert  was  90  feet.  For  a  great  part  of  the  way  the  average^! 
depth  exceeded  50  feet.  Clearly,  this  portion  had  to  be  tunneled.) 
Where  the  sewer  entered  the  Gowanus  Canal  the  cutting  was  shallow, 
and  continued  so  to  Fourth  Avenue.  It  was  decided,  therefore,  t 
build  the  sewer  in  open  cut  2  940  feet  from  the  canal  to  Dean  Street, 
and  to  tunnel  for  the  remainder  of  the  distance.  The  open  cut  work 
was  designated  Section  No.  1,  and  on  July  1st,  1890,  the  contract  for 
it  was  awarded  to  Daniel  J.  Creem,  Brooklyn,  two  hundred  working 
days  being  given  in  Avhich  to  complete  the  work.  The  tunnel  portion 
of  the  work  9  340  feet  in  total  length  was  designated  Section  No.  2, 
and  on  June  27th,  1890,  the  contract  was  awarded  to  Charles  Hart, 
Fourth  Avenue  and  DeGraw  Street,  Brooklyn,  and  Anderson  &  Barr,  of 
No.  240  Eleventh  Avenue,  Jersey  City,  under  the  firm  name  of  Hart, 
Anderson  &  Barr,  and  three  himdred  working  days  named  as  the  time 
within  which  work  was  to  be  finished.  There  was  no  stipulation  as  to 
the  method  of  tunneling.  Work  on  each  section  was  begun  at  once, 
and  was  completed  by  the  parties  named.  Section  No.  1  being  finished 
in  December,  1891,  and  Section  No.  2  in  February,  1892. 

In  constructing  Section  No.  1,  sheeting  and  timbering  were  used 
in  the  ordinary  manner  for  open  cut  work.  The  material  excavated  was 
lifted  by  derrick  and  bticket  to  cars  on  a  track  running  alongside  the; 
work.  The  cars  were  hauled  by  horses  back  to  where  the  brickwork 
was  completed,  and  there  dumped.  Work  was  begun  at  the  lower  end 
and  carried  forward  as  described.  No  difiiculties  occurred,  save  the 
falling  of  a  small  portion  of  the  arch  where  the  section  was  changing 
from  circular  to  flat  toj^ped.  This  it  was  thought  arose  either  from 
striking  the  centers  before  giving  all  the  time  needed  for  the  cement 
to  set,  or  from  a  slight  yielding  of  the  upper  portion  of  the  trench 
walls.  The  trap  basin  formed  no  small  part  of  the  work  of  Section. 
No.  1.     Its  construction  is   most   instructive  and  is  shown  on  plans, 
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herewith  (Plate  XL VII).  No  difficulties  were  met  in  carrying  oxit  the 
designs.  The  sjjecial  features  of  plan  and  detail,  as  well  as  the  sewer 
as  a  whole,  will  l)e  treated  of  later. 

The  dei)th  of  Section  No.  2  varied  from  a  least  depth  at  Dean  Street 
of  37  feet,  to  a  greatest  depth  of  90  feet  at  Vanderbilt  Avenue.  The 
diameter  of  the  sewer  inside  the  brickwork  was  to  be,  starting  at 
Dean  Street,  15  feet  for  700  feet,  14  feet  for  4  700  feet  more,  and  then 
12  feet  to  Marcy  Avenue.  The  route  lay  along  i^aved  streets,  asjihalt 
or  stone  all  the  way,  and  under  horse-car  tracks  and  a  cement  pipe 
sewer  for  much  of  the  w^ay.  It  was  a  populous  residence  district, 
with  its  usual  comi^lement  of  gas,  water  and  sewer  pijies.  The  resi- 
dences were  usually  three-story  brick  buildings  with  stone  fronts. 
The  Brooklyn  Tabernacle  and  many  other  churches,  Avith  heavy  spires 
close  to  the  sidewalk,  were  on  the  route.  The  lines  of  three  elevated 
roads  were  also  to  be  passed  under. 

The  material,  as  shown  in  the  test  shafts,  was  the  drift  already  de- 
scribed.    This  work  comes,  therefore,  under  the  general  case  of  tunnels 
of  medium  cross-section  in  ordinary  soft  ground,  and  is  a  fair  basis 
for  the  discussion  of  methods  for  tunneling  in  such  material;  herein 
I  lies  its  interest  to  engineers.     In  these  days  of  rapid  transit,  of  pro- 
visions for  larger  drainage  or  increased  water  supjily,  and  of  increased 
restrictions  jjlaced  upon  the  bridging  of  navigable  streams,  the  ques- 
tion of  tunnel  systems  is  one  of  interest  to  us.     Any  current  newspajjer 
clamoring  for  raj)id  undergroimd  transit  sagely  mentions  a  shield  as 
ithe  summiim  bonmn  of  tunneldom.     Any  railroad  engineer  thwarted  by 
the  War  Department  in  an  attempted  bridge  over  navigable  waters 
5  seeks  the  shelter  of  a  shield,  for  he  has  heard  of  a  shield  being  used  at 
I  the  Sarnia  or  St.  Clair  tunnel  to  aid  in  such  an  extremity  as  the  one  he 
is  in.     To  him  it  seems  a  veritable  "  Hobson's  choice."     If  a  tunnel 
;  cannot  or  will  not  be  built  best  by  the  use  of  a  shield,  it  is  all  the 
*  fault  of  the  tunnel,  he  thinks.  We  all  use  and  resort  to  that  which  is 
Infore  our  eyes,  and  tunneling  in  soft  ground  is  not  frequent  enough 
iu  its  examples  to  allow  us  to  make  the  distinctions  which  circum- 
stances would  dictate  on  closer  study.     There  is  no  one  method  for  tun- 
urling  in  such  ground  that  is  the  best.     The  size  of  the  cross  section 
of  the  tunnel,  the  kind  of  ground  to  be  tunneled  through,  and  the  sur- 
roundings are  considerations  that  must  rule  in  planning  how  to  do  the 
work.     A  method  of  tunneling  well    adapted  to  a  tunnel  28  feet   in 
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diameter  is  quite  apt  to  be  less  adapted  to  a  tunnel  of  half  that 
diameter.  Again,  a  method  of  tunneling  practicable  in  a  putty-like 
clay  under  a  river,  is  not  necessarily  best  among  huge  boulders.  The 
author  is  aware  of  the  outcry  that  will  be  made  against  this,  to  him, 
sound  reasoning,  but  he  has  read  tunnel  literature  in  newspapers  and 
engineering  joiirnals,  and  visited  tunnels  under  construction ;  talked 
with  tunnel  men,  and  heard  the  j^raises  of  "tunnel  systems"  sung, 
until  he  feels  called  upon  to  say  that  common  sense  api)lies  even  t( 
expert  tunneling.  The  best  method  to  use  in  building  a  cei-tain  tunne! 
is  that  which  costs  the  least  to  do  the  desired  work. 

There  are  to-day  three  general  and  distinct  methods  of  tunneling 
in  soft  groixnd.  The  first  in  the  order  of  introduction  is  the  timberec 
system.  It  embraces  several  distinct  tyi^es  and  many  modifications 
or  mergings  of  them.  The  English,  Austrian,  German  and  Belgiai 
are  the  principal  ones. 

In  Pennsylvania  and  in  the  South,  the  German  method  of  segmenta 
timbering  with  a  supporting  core,  and  the  English  bar  method,  ar 
used. 

Tunneling  was  begun  in  that  way  for  railroads,  usually  not  in  sand ' 
but  in  clay.  A  combination  of  the  English  and  German  methods  i 
in  use  in  trying  circumstances  by  the  Baltimore  and  Ohio  Railroad,  fo  I 
their  double-track  belt  line  in  Baltimore,  and  is  fairly  successful,  bu 
the  Brooklyn  tunnel  was  much  smaller  and  poorly  adapted  for  its  usci 
Those  methods  are  never  inexpensive  or  rapid.  The  German,  with  it  i 
core  of  soft  ground,  is  dangerous  to  the  arch,  and  makes  the  side-wa]| 
construction  difficult.  Timber  is  more  expensive  than  in  former  times 
and  any  timber  exceeding  in  length  two-thirds  of  the  finished  diamete 
of  the  tunnel  section  is  difficult  and  expensive  to  handle.  To  draw  th' 
crown  timbers  from  the  top  of  an  arch  in  the  English  method  is  neve 
desirable,  and  requires  a  great  pulling  force  when  the  material  drivei 
through  is  dry  sand,  boulders  or  gravel.  In  the  streets  of  Brooklyn,  ti 
draw  them  would  cause  a  settlement  sufficient  to  break  pipe  sewer 
and  water  pipes  above,  and  would  damage  pavements.  If  left  in,  ther 
is  still  considerable  space  to  be  filled  with  earth  by  ramming,  and  hori 
zontal  ramming  is  never  satisfactory  in  irregular  spaces,  especially  ii 
such  material.  For  these  reasons  it  was  concluded  that  timbeiinj 
in  so  small  a  section  would  be  cumbersome  and  slow,  and  was  not  i 
desirable  method. 


BEAHAN"    ON"    MAIN    RELIEF   SEWER    OF    BROOKLYN".  491 

The  second  system,  in  ■wliieli  a  shield  is  used,  was  then  considered. 
V  sliield  calls  for  a  large  initial  outlay  and  a  considerable  addition  to 
hi'  cost  of  operating  machinery  during  the  progress  of  a  work.  This 
uctliod  was  first  used  by  Brunei  in  the  stiff  London  clay,  and,  later,  Avas 
III  I  uoved  and  further  used  by  Greathead.  A  simpler  form  was  designed 
'\   lieach  and  patented  in  1869  in  this  country. 

Iteccntly,  we  have  been  using  shields  of  better  models  than  those  of 
htmel,  but  of  the  same  type  in  all  essentials,  and  we  all  must  recog- 
li/.r  his  originality  and  boldness.  Greathead  and  others  have  im- 
niived  it,  if  we  take  the  old  shield  as  shown  in  "Drinker  on  Tun- 
uling,"  as  an  illustration.  Mr.  Beach's  shield  as  i:)atented  would 
H't  be  recognizable  as  a  shield  at  Sarnia.  But  the  writer  is  not 
iware  of  any  jjatents  in  force,  and  the  pseudo-wisdom  and  ex- 
■lusive  knowledge  some  of  us  profess  in  this  matter  is  most  ill- 
iijitd.  Is  not  a  shield  essentially  a  j)neumatic  appliance?  Shields, 
ilo-  cantilever  bridges,  are  perhajis  imjierative  under  certain  circum- 
taiices.  A  few  years  ago  we  thought  we  must  use  a  cantilever,  where 
low  we  see  we  could  use  less  expensive  types  better.  So  of  shields  in 
nuueling — we  talk  shield  now  as  we  have  been  talking  cantilever. 
iChc  author  thinks  no  material  is  fit  to  use  a  shield  in,  unless  that  ma- 
terial will  flow.  Under  water,  where  air  pressure  is  needed,  a  shield 
iidtects.  If  the-  material  is  soft,  as  in  the  Hudson  Eiver  Tunnel,  a 
shield  increases  the  safety  of  the  men,  and  is  a  good  system,  but  not 
lu  iudisi)ensable  one.     The  latter  is  the  most  rational  jilace  in  which 

0  use  a  shield  the  author  ever  saw  or  heard  of,  and  Mr.  Moier  did  rapid 
\V(irk  there  last  year  by  its  use,  and  demonstrated  its  efficiency.     At 

111  St.  Clair  Tunnel  there  was  little  use  for  shields,  as  the  clay  gen- 

1  illy  could  have  been  tunneled  by  any  system  that  could  stand  the 
hearing  stress,  for  it  would  not  fall  or  flow  and  was  air  and  water 
ight.  Where  they  met  the  water-bearing  pocket  of  sandy  material, 
he  shield  gave  considerable  aid.  Usually,  the  excavating  was  done  by 
hr  men  in  front  of  the  shield  and  the  muck  passed  out  through  the 
lours — an  expensive  process.  The  shield  was  then  shoved  forward, 
■liuving  off"  the  ragged  edges  of  the  ciit  to  the  neat  lines.  This  seems 
I  si'utimental  use  of  Brunei's  invention  as  com^jared  with  the  Hudson 
Kiver  Tiinnel  work. 

Several  years  ago,  Hart,  Anderson  k  Barr  built  and  used  a  shield 
u  the  Knickerbocker  Avenue  extension  sewer  on  South  Fifth  Street, 
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Brooklyn.  The  material  was  jn-esumably  the  same  as  for  the  work 
BOW  to  be  done.  It  was  found  on  trial  that  the  shield  was  difficult  to 
keep  up  to  grade  line,  and  made  smooth  brickwork  impossible.  It  was 
also  found  that  even  in  fine  sand  no  amount  of  pressure  would  make 
that  sand  flow  through  the  doors.  The  men  were  obliged  to  go 
through  the  doors,  pole  away  the  sand  from  before  the  cutting  edges 
of  the  shield,  and  shovel  it  out  through  the  doors  before  the  shield 
could  possibly  be  shoved  forward.  Had  the  material  been  dry  instead 
of  damj}  sand  that  stood  well,  the  shield  could  never  have  been  moved 
at  all.  The  material  would  have  taken  such  a  slope,  that  to  relieve 
the  cutting  edges  around  the  bottom  of  the  shield,  would  necessitate 
removing  material  enough  to  cause  the  sand  to  come  down  in  front  of 
the  cutting  edge  at  the  roof  of  the  shield,  therel:)y  causing  a  settlement 
of  the  surface  of  the  street.  As  it  was  expected  that  some  boulders 
would  be  met,  the  outlook  for  using  this  shield  on  South  Fifth  Street 
was  discouraging.  A  large  boulder  squarely  across  the  cutting  edge 
in  the  front  of  the  bottom  of  the  shield  would  stop  it  effectually,  and 
after  working  it  for  some  time  and  making  very  slow  progress,  the 
shield  was  abandoned  and  bricked  in. 

The  third  and  last  system  of  tunneling  in  soft  ground,  called  the 
pilot  system,  was  introduced  in  1880  by  Anderson,  who  was  then 
superintendent  of  the  Hudson  River  Tunnel.  It  consists  jji-imarily  of  a 
small  tunnel  advanced  by  the  poling  process  ahead  of  the  full-sized  sec- 
tion, and  this  smaller  circular  tunnel  is  lined  completely  with  steel 
plates  bolted  together.  By  jDoling,  the  roof  and  then  the  sides  and 
invert  of  the  full  section  are  excavated  from  around  this  pilot,  and  the 
braces  suiJjaorting  the  roof  rest  on  the  pilot.  This  pilot  or  exploration 
tunnel  had  originally  for  its  purpose  the  finding  out  of  dangerous 
ground  ahead.  As  it  is  carried  in  the  center  of  the  section  it  reduces 
the  length  of  all  braces,  so  that  nothing  but  small,  short  timbers  are 
needed.  These  braces  are  therefore  but  a  small  part  of  the  cost  of  the 
shoring  necessary  for  a  timbered  construction,  and  no  crown  pieces  are 
needed.  The  brickwork  is  built  out  to  the  lining  or  sheeting  all  the 
way  around  the  section,  thus  doing  away  with  tamping  and  settling. 
Smaller  timbers  and  no  voids  are  the  features  of  this  method  as  against 
the  timbered  plans  of  work. 

The  comi)arative  cost  of  these  three  methods  for  the  case  in  hand  is 
the  next  question.     The  cost  of  a  timbered  section  and  its  advantages 
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have  already  been  sufficiently  stated.  The  cost  of  using  the  shield 
system  needs  more  consideration.  The  shields  for  the  St.  Clair 
Tunnel  Aveighed  85  tons  each.  They  were  of  the  best  quality  of 
steel,  and,  of  course,  the  patterns  were  quite  exjiensive.  Excei^t 
where  there  are  few  headings  this  initial  cost  is  quite  prohibitive. 
By  the  time  the  shield  is  built  and  at  the  bottom  of  the  shaft  or  tunnel 
portal,  with  its  complement  of  jacks  and  machinery,  no  small  jier- 
centage  of  the  expected  profits  has  been  expended  on  an  ordinary  tunnel 
contract.  But  the  greatest  outlay  has  still  to  be  met,  that  is,  the  cast 
iron  lining  which  so  far  has  always  been  foimd  to  be  required.     Mr. 


Longitudinal  Section. 


Main  Relief  Seweb— In  Tunnel. 
Fig.  1. 


Hobson  used  twenty-four  hydraulic  jacks  at  St.  Clair  with  each  shield, 
each  jack  having  a  capacity  of  125  tons.  These  jacks  need  something 
strong  to  stand  their  back  thrust.  Brickwork  will  not  stand  such  com- 
pression by  any  means  now  known.  Nothing  else  than  a  cast-iron 
lining  has  served  thus  far  here.  At  St.  Clair  this  lining  was  2  inches 
thick  and  hea\aly  flanged.  At  the  Hudson  Kiver  Tunnel  they  used 
thinner  plates  for  a  time,  but  were  later  obliged  to  make  them  heavier 
— of  the  2-inch  thickness,  I  believe.  The  cost  of  such  cast-iron  lining 
alone,  about  equals  the  cost  of  a  brick-lined  tunnel  of  the  same  diameter. 
So  long  as  this  be  true,  shields  ^s-ill  be  used  by  corporations  rather  than 
l)y  contractors,  for  they  cannot  compete  in  j^rice  with  the  other  ways  of 
doing  the  work. 

Inasmuch  as  the  pilot  system  would  avoid  the  settlement  of  the 
streets  and  be  less  cumbersome  in  the  section  to  be  built  than  a  tim- 
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bered  system  of  doing  the  Brooklyn  work,  it  was  considered  prefer- 
able ;  and,  inasmucli  as  the  pilot  system  would  contend  with  bouldera 
successfully  and  this  material  would  not  flow,.the  pilot  was  thought 
better  than  the  shield.     The  pilot  system  was  therefore  used. 

The  method  of  work  pursued  on  Section  No.  1,  the  oisen  cut,  has 
already  been  spoken  of.  Work  was  begun  at  the  trap  basin  at  Gowanus  j 
Canal  and  carried  foi'ward  by  derrick,  bucket,  and  track  for  cars  along- 
side the  cut.  Surface  pipes  were  shifted,  or  slung,  or  troughs  carried 
in  their  stead.  On  Fourth  Avenue,  the  line  of  the  sewer  being  on  onft 
side  of  the  street,  and  the  cutting  exceeding  25  feet,  the  sheeting  wouli 
yield  enough  to  disturb  the  curb  and  sidewalks  slightly,  and  it  caused  a> 
few  doors  of  buildings  to  show  disturbance.  The  sheeting  was  2-inch 
plank,  driven  by  hand,  and  held  by  6  x  8-inch  rangers  and  braces, 
in  the  usual  way.  Interruptions  of  the  work  by  rains  increased  the 
loss  of  this  sandy  material  through  cracks  in  sheeting  and  around  ends 
of  planking.  Section  No.  1  was  completed  expeditiously.  It  had  a. 
maximum  cutting  of  36  feet  at  Dean  Street,  where  it  joined  -with  Sec- 
tion No.  2.  The  method  of  timbering  the  cut,  the  height  to  which  the  in- 
vert was  carried  before  centering  was  put  up,  the  centers  and  the  arch, 
are  shown  in  Plate  XL VIII. 

On  the  tunnel  section,  some  other  way  than  commencing  at  one  end 
and  working  toward  the  other  had  to  be  adoj^ted.  A  tunnel  on 
comparatively  level  grou.nd  must  be  attacked  differently  from  a  tunnel 
through  a  mountain  or  under  water.  To  do  the  work  most  economic- 
ally there  must  be  more  jDoints  of  attack.  The  distance  the  shafts 
should  be  apart  is  determinate,  and  depends  upon  the  dejiths  and  con- 
sequent cost  of  the  shaft,  and  the  cost  of  transportation  of  muck  and 
material.  On  the  jDrofile  the  shaft  locations  as  numbered  are  shown. 
On  this  work  the  cars  were  pushed  by  men,  and  there  was  necessaiily 
one  passing  switch  in  the  tunnel  near  the  shaft  and  another  near  the 
heading.  When  there  was  time,  after  jjutting  a  loaded  car  on  the  cage, 
to  take  an  empty  car  from  the  siding  at  the  shaft  and  put  it  on  tha 
siding  at  the  heading  before  the  last  emjity  car  taken  from  there  could 
be  shoveled  full,  the  distance  from  the  heading  to  the  shaft  was  not  too 
great  for  economy.  Otherwise,  a  middle  siding  woiild  have  had  to  be 
\ised,  and  the  pay-roll  would  have  been  increased  without  any  increase 
in  the  amount  of  muck  sent  out.  This  limit  of  distance  was  about  800 
feet,  but  good  muck  to  shovel  Avould  decrease  it.  This  gave,  then» 
1  600  feet  between  the  shafts  as  the  economic  distance. 
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In  croAvtled  city  streets  there  are  otlier  considerations  tlian 
economy  for  the  contractor,  and  manhole  locations  are  to  be  taken 
into  account  in  deep  work.  The  variations  from  the  distance 
named  and  the  reasons  for  it  are  not  essential  here.  The  shafts  were 
sunk  over  the  tunnel  in  all  cases,  and  exactly  on  the  center  line,  save 
wliere  street-car  tracks  prevented.  They  were  of  rectanpjnlar  section, 
alioiit  18  X  24  feet  on  top.  The  greater  length  -was  along  the  axis 
of  the  sewer,  so  as  to  give  greater  length  of  base  line  for  prolonging 
the  center  line  into  the  headings  with  the  transit  and  i^liimb  bobs. 
Two-inch  sheeting,  13  feet  long,  and  driven  by  hand  was  used.  Rangers 
()  X  8  inches  were  placed  in  three  sets  on  each  sheeting  length.  Two 
liraces  were  jiut  in,  and  in  loose  ground  these  were  made  double.  Two 
(  Tdss-braces  were  put  in  and  completed  the  set,  and  the  space  for  the 
( :it;e  was  formed  within  the  inner  braces.  The  guides  to  the  cage  and 
all  top  work  at  a  shaft  are  as  shown  in  the  cut  from  a  photograph  at 
Shaft  No.  3  (Plate  XLIX).  The  cage  was  a  wooden  platform  Avith  a 
tram-car  track  across  it.  The  muck  was  loaded  into  cars,  pushed  by 
men  to  and  upon  the  cage,  and  securely  blocked.  The  cage,  with  the 
car,  was  hoisted  uji  to  the  trestle  track,  and  the  car  pushed  out  on  the 
trestle  and  dumped  sidewise  on  screens  of  such  mesh  and  set  at  such 
au^de  as  to  let  the  sand  through  the  screen  under  the  trestle,  and  carry 
the  gravel  across  the  screen  to  one  side  of  the  trestle,  all  withoiit  labor. 
The  brick,  when  needed,  was  loaded  into  these  cars  from  the  lower 
track  on  the  street,  placed  on  the  cage,  lowered  down,  pushed  to  the 
heading  and  dumped — there  to  be  passed  to  the  bricklayers. 

The  cars  were  made  by  the  C.  "W.  Hunt  Co. ,  and  proved  durable. 
On  reasonably  good  track  they  were  seldom  derailed,  but  they  are  too 
Iwide  on  top  for  a  tunnel  car,  and  flaring  sides  are  not  desirable.  In 
'dumping  brick  or  other  material  from  them  on  a  surface  level  with  the 
track,  one-third  remains  in  the  car  and  must  be  taken  out  by  hand. 
A  car  should  dump  its  entire  load  and  get  oiit  of  the  way  speedily.  In 
taking  out  miick,  the  gravel  stones,  if  not  cleaned  away  with  the  fingers 
from  the  rails,  would  block  a  car  loaded  with  one  cubic  yard  so  that 
five  men  could  not  stir  it.  Larger  wheels  would  avoid  this.  A  special 
pattern  designed  with  these  facts  in  mind  could  surely  be  made  which 
would  still  retain  the  desirable  features  of  the  j^resent  car,  which  is 
the  best  now  in  the  market. 

The  shaft  sunk,  the  jnlot  is  next  to  be  started.     We  have  seen  that 
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the  pilot  is  cylindrical,  usually  about  6  feet  in  diameter,  with  rings 
2  feet  long,  each  ring  consisting  of  six  jslates  of  equal  length;  all  fast- 
ened together  with  bolts.     The  jalates  are  of  steel,  with  inside  fianges- 
riveted  on  them;  the  weight  of  metal  and  method  of  construction  dei^endr 
on  the  material  to  be  met;  they  are  used  rej^eatedly,  and  enough  for  40" 
feet  of  pilot  is  needed  for  a  heading.     The  first  two  rings  are  set  up  iu 
the  shaft — blocking  them  up  to  center  and  grade  lines.  •  The  sheeting-, 
is  then  bored  through  on  the  line  of  the  pilot  ring,  cutting  oiit  the 
plank  and  rangers   piece   by  piece,   and  working  in  the  iron  poKng 
boards  like  those  shown  in  the  cut  of  heading  work.     These  iron  poling 
boards  are  carried  down  2  feet  from  the  center.     A  half  plate  is  then 
jiut  in,  /.  e. ,  a  plate  made  half  width  for  ease  in  holding  up  while  bolt- 
ing.    We  next  pole  down  on  either  side,  using  a  wooden  poling  board, 
to  the  center  of  the  sides  of  the  julot  and  put  a  half  plate  on  each  side. 
Now,  go  back  and  13 lit  another  half  plate  in  the  roof  and  again  fill  out  the; 
sides,  bulkhead  up  the  front  face,  and  put  in  the  three  full  bottom.' 
plates.     This  completes  a  ring,   and  is  the  entire  process  of  dri-s-ing  a 
pilot — barring  difficulties.     The  next  ring  is  put  ahead  in  like  manner 
except  that  the  first  roof  plate  instead  of  being  in  the  center  has  one 
end  at  the  center.    The  horizontal  joints  of  one  ring  are  thus  put  in  the 
center  of  the  plates  of  the  adjacent  rings.    The  tools  used  are  miieh  the 
same  as  those  shown  in  the  heading  work. 

One  man  and  a  helper  will  keep  the  pilot  siifiiciently  advanced ;; 
it  should  be  kejDt  on  the  center  line  for  direction,  and  cai-ried  for'; 
grade  at  the  right  distance  below  the  roof  to  allow  the  center  heading, 
man  to  stand  ujjon  the  pilot  and  conveniently  put  in  his  heading 
plates.  The  pilot  is  guided  by  Avooden  wedges,  the  method  of  use  and 
limits  of  efficiency  of  which  are  not  jjertinent  here.  When  one  pilot  is  a'l 
few  rings  inside  the  sheeting,  the  other  may  be  started.  A  pilot  being  i 
well  under  way,  the  heading  is  started  over  it  by  marking  out  thfti 
circle  of  the  outer  line  of  the  brickwork  on  the  sheeting,  and  boring.i 
the  sheeting  so  as  to  take  it  out  in  small  pieces.  The  heading  plates ' 
are  then  bolted  together  in  two  rings  and  set  up  in  the  shaft;  iroa  > 
poling  boards  are  brought  into  requisition,  and  the  roof  is  workect'i 
ahead  by  the  various  and  varying  means  and  ways  which  ex»j 
perience  alone  can  teach.  The  material  just  outside  the  sheeting  ilV 
always  loose,  as  it  has  been  shaken  in  sinking  the  shaft.  To  start  the^i 
work  from  a  shaft  without  losing  material,  always  requires  care  and 
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[special  safeguards.  In  a  view  sliown  of  tlio  Leading  (Plate  L)  the  roof 
jjlates  are  cnii'ved  to  the  radius  of  the  outer  circle  of  the  brickwork,  and 
ti'  ])lace  them  there,  is  the  desideratum  in  heading  work;  they  go 
toL;  other  in  rings  1  foot  long,  and  ax"e  carried  down  as  far  as  much  side 
pressure  is  felt  in  the  material  met.  At  each  second  ring  a  bulkhead 
is  huilt  down  in  front  and  braces  put  from  the  last  ring  to  the  pilot. 
Heading  plates  are  kept  in  direction,  in  grade,  and  in  correct  circle,  all 
by  wedging.  In  short,  a  wooden  wedge  is  the  fine  point  in  tunneling  by 
the  pilot  system,  and  with  sufficient  practice  the  pilot  can  be  guided  in 
niy  direction.  Even  "Weisbach  does  not  fully  realize  the  potency  of  a 
\\i  dge.  The  detail  of  heading  work  has  no  place  here;  no  description 
should  induce  any  careful  man  to  try  to  do  the  work  without  having 
attended  school  in  a  lieading.  This  is  a  pointed  reflection  on  engineers 
who  visit  tunnels  and  go  away  to  do  what  they  think  they  saw  done  in 
the  way  they  thought  they  saw  it  done. 

The  view  of  lieading  work  (Fig.  2)  shows  some  features  which  should 


Qot  pass  unnoticed.  The  plate  shows  a  narrow,  thick  piece  of  cast  iron 
with  a  shoulder  against  which  a  crooked  bar  is  being  driven  -with  a 
liammer.  The  illustration  was  taken  from  the  Brooklyn  work,  and 
represents  properly  the  iron  poling  board  there  in  use.  Iron  jioling 
l^oards  have  been  tried  in  South  Fifth  Street  and  failed  ;  recently,  also, 
n  Baltimore  they  have  been  used  and  abandoned.     The  one  used  here 
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was  a  success,  and  was  designed  by  Superintendent  Samuel  Matson 
early  in  1891,  while  this  tunnel  was  under  construction.  It  is  a 
steel  plate,  one-quarter  of  an  inch  in  thickness,  6  inches  wide  and 
22  inches  long,  and  having  a  wedge-shaped  lug  riveted  to  its  under 
side,  near  the  front  end;  the  jjlate  also  has  four  holes  through  it 
at  intervals  of  its  length.  The  lug  is  for  driving  it  with  har  and 
hammer,  and  the  holes  are  to  straighten  it  or  shift  it  sidewise.  The 
poling  boards  are  used  in  the  heading  for  some  4  feet  each  side  the 
center  line,  and  for  the  jiilot  work  as  described,  their  purpose  being  to 
save  loss  of  material  in  running  sand,  gravel,  or  cobble  stone. 

Mr.  Beach  has  recently  claimed  that  this  iron  jjoling  board  was  a 
"needle  "  of  his,  patented  in  1869.  From  a  copy  of  his  patent,  to  which 
he  refers  by  number,  furnished  from  Washington,  the  author  finds  that 
in  connection  with  his  shield  i^atent,  there  were  "  sliding  staves  "  which 
are  staves  over  the  end  of  the  shield.  There  is  no  kinship  in  appear- 
ance between  his  " sliding  staves  "  and  his  "needle,"  as  illustrated. 
Prior  to  this  comparison,  the  author  thought  that  the  j)oling  board  used 
was  Mr.  Beach's  needle  re-invented,  a  case  of  double  discovery,  Avhich 
so  often  occurs.  Engineers  should  insist  that  superintendents  and  fore- 
men be  given  full  credit  for  thoughtful  ingenuity  that  bears  fruit.  The 
members  of  our  profession  are  too  apt  to  ajjpropriate  to  themselves  credit 
for  much  that  some  foreman  or  laborer  really  did  when  they  themselves 
Avere  at  their  wits'  end.  Who  knows  the  name  of  the  laborer  who  hit 
ujion  the  cooper's  draw-shave  that  was  such  a  help  in  the  pipe  clay  at  St. 
Clair  ?  Did  any  one  ever  hear  how  the  shield  on  the  Sarnia  side  was 
gotten  down  to  the  portal  when  presumably  every  means  known  had  been 
tried  to  no  pur^jose  thus  far  ?  In  the  earlier  work  of  the  Hudson  Eiver 
Tunnel,  years  ago,  an  accident  occurred  and  nearly  a  whole  gang  of 
men  were  buried  alive.  Men  stood  aghast;  engineers  were  consulted, 
each  with  a  different  way  of  meeting  the  emergency,  and  the  President 
of  the  company  was  distracted  by  the  conflict  of  views.  Who  speedily 
hit  upon  a  plan,  which  was  successfully  carried  out,  for  rescuing  the 
bodies  and  restoring  the  structure  ?     He  was  not  an  engineer. 

Those  iron  poling  boards  are  useless  in  heavy  material  without  some 
way  of  driving  them.  The  driving  bar  was  designed  with  the 
jjoling  board  by  the  same  man.  He  used  a  dotible  hook  to  suspend  it 
from  the  plates  and  so  hold  them  up.  The  hook  shown  is  better 
and   replaced   the  first  one,   and  was  gotten  ui^  by  foreman  Charles 
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Emcson.  It  hangs  in  two  bolt  Loles  witli  a  bar  between,  all  in  one 
piece.  In  stiff  clay  no  iron  poling  boards  are  needed;  in  lieavy 
boulders  i-equiring  much  blasting  they  are  often  removed  temporarily. 
Some  skill  is  needed  to  keep  them  in  the  jjosition  desired.  At  the  com- 
l)letion  of  the  tunnel  the  iron  poling  was  in  gx-eat  favor  among  both 
foremen  and  heading  men.  We  have  failed  and  will  fail  with  them, 
mainly  because  we  make  them  too  large,  and  do  not  have  the  needed 
special  apjjliances  with  which  to  handle  them. 

Excavation  and  brickwork  must  next  be  mentioned.  When  the 
heading  is  at  least  15  feet  in  from  the  shaft,  or  from  the  toothing 
of  the  last  section,  a  10-foot  section  of  brickwork  is  put  in.  The  roof 
of  the  heading,  lined  with  plates,  is  carried  by  braces  on  the  pilot. 
The  pilot  rests  for  some  20  or  more  feet  in  the  muck,  and  for 
the  -i  feet  of  its  length  nearest  the  shaft  on  braces  or  blocking.  The 
heading  men  start  down  with  the  excavation  on  the  sides  of  the  j)ilot 
and  for  a  length  of  10  feet.  When  they  get  below  the  bottom  of  the 
iron  heading  plates,  they  put  in  planks  longitudinally  on  either  side 
and  brace  these  planks  from  the  sides  of  the  pilot.  The  planks  are 
put  in  one  below  the  other  on  the  line  of  the  outer  circle  of  the  brick- 
work until  they  are  below  the  jiilot,  or  where  the  material  will  stand. 
At  the  front  ends  of  the  planks  a  bulkhead  is  driven  vertically,  extend- 
ing from  the  pilot  to  the  side  planking.  The  excavation  is  canied 
down  under  the  pilot,  and  braces  put  underneath  on  foot  blocks. 
A  bulkhead  is  also  put  in  underneath  the  pilot  on  a  line  with 
the  front  ends  of  the  side  planking,  braced  up,  and  enough  l)races 
put  under  the  pilot  to  carry  roof  and  arch.  All  the  excavation 
is  done  carefully  to  the  outer  line  of  the  brickwork.  A  profile  for  the 
invert  is  moved  forward,  set  to  grade  line  and  its  top  cross  jjiece 
leveled  horizontally  and  set  on  center  line;  planks  are  jjut  in  the  bot- 
tom unless  the  bottom  be  very  hard,  and  the  brickwork  begun.  There 
is  no  back  filling  or  ramming.  A  sub-drain  was  planned,  but  a  wooden 
box  above  the  brickwork  of  the  invert  was  used  instead,  and  any  water 
in  the  section  w^as  pum^jed  up  into  this  box.  This  was  better,  for  the 
box  could  be  taken  up  and  cleaned  out. 

The  best  hard-burnt  North  Kiver  bricks  were  used,  the  ring  being 
four  courses  thick.  They  were  of  a  uniform  quality  of  rough  brick 
throughout  the  rings  of  the  section.  None  were  laid  without  cement,  but 
in  some  very  wet  sections  the  bottom  course  was  started  dry  and  then 
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buckets  of  neat  cement  were  dumped  on  it  and  spread  over  to  fill  the 
joints.  This  gave  excellent  results,  showing  no  settling  or  jjercolatioii 
of  water.  Each  course  was  laid  to  line,  and  the  courses  were  tested  fre- 
quently with  level  and  straight-edge.  No  pains  were  spared  to  insure 
a  strong,  workmanlike  job,  and  no  time  was  given  to  effect.  The 
cement  was  Eosendale,  tested  to  resist  a  tensile  strain  of  60  pounds  per 
square  inch  after  30  minutes  in  air  and  24  hours  in  water.  It  was 
mixed  in  the  proportion  of  one  part  of  cement  to  two  j^arts  of  sand. 
A  slow-setting  cement  was  sought,  and  the  laboratory  tests  were  tem- 
pered with  judgment.  These  never  showed  as  high  tensile  strength  as 
published  tests  do.  Much  force  was  given  to  results  from  briquette 
long  made.  The  Department  has  a  man  who  for  some  time  hai 
done  all  such  work,  and  his  deductions  are  comparable  with  themn 
selves.  Only  one  kind  of  cement  was  used  for  any  ring  of  the  brick- 
work. 

With  the  same  brick  and  the  same  cement  every  particle  of  space,< 
from  the  neat  lines  of  the  inner  surface  of  the  sewer  out  to  the  muck^ 
plank  or  plates,  was  built  in  solidly  with  brick  laid  in  cement.  There 
is  not  and  never  has  been  any  crack  in  the  brickwork,  or  any 
failure  at  any  time.  Where  built  in  wet  material  it  has  settled,  but  it 
was  built  enough  above  grade  at  the  leading  end  to  allow  for  it. 
brick  tunnel  in  yielding  material  is  sure  to  settle,  nor  is  it  water  tight 
Leaking  pijies  above  sometimes  caused  a  Arij)  into  the  large  sewer,  and 
it  is  questionable  whether  a  brick  tunnel  can  be  made  water  tighS 
when  built  through  drii^jjing  ground. 

The  invert  of  the  brickwork  completed,  the  ribs  were  set,  anc 
to  save  room,  iron  ribs  and  not  wooden  centers  were  used,  restin 
on  jalanks  carried  by  braces,  one  end  of  which  rested  in  "  jjut-lock' 
holes  in  the  brickwork  and  the  other  against  the  pilot.  Four  rib» 
were  used,  each  in  two  segments  bolted  together  at  the  center; 
lagging  strips  were  run  in  on  these  ribs,  four  at  a  time,  as  needed;  the* 
two  bricklayers  on  either  side,  then  worked  up  to  within  four  courses 
of  the  center.  The  last  lagging  had  a  groove  in  its  upper  edge,  a  block 
lagging  was  placed  in  these  two  grooves  next  the  toothing;  onei 
bricklayer  started  then  at  the  toothing  to  put  in  the  key,  and  built  it' 
out  to  the  end  of  the  brickwork  of  the  section  just  laid.  This  com- 
pleted a  section  of  brickwork.  After  tlio  cement  had  set,  the  ribs  wei 
struck  and  removed,  the  lagging  carried  back  and  10  feet  of  the  pilot  wel 
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taken  down  and  stacked  uj).  All  was  then  ready  lor  starting  down  the 
sides  to  excavate  for  the  next  section  of  brickwork  whenever  the  head- 
ing was  far  enough  advanced  to  allow  it.  As  two  headings  were  worked 
from  each  shaft,  and  heading  and  i^ilot  men  never  left  their  jjlaces  of 
work,  a  section  of  brickwork  would  usually  be  put  in  at  one  heading, 
and  then  one  at  the  other  heading. 

The  chapter  of  accidents  is  never  long  on  successful  work.  It  also 
removes  from  the  chronicler  all  opportunity  for  displaying  his  profun- 
dity in  theorizing  how  each  accident  must  have  occurred.  Owing  to  a 
disobedience  of  orders,  a  hoisting  engineer,  the  friction  gear  of  whose 
engine  had  been  just  overhauled,  let  down  a  cage  load  of  men  Avhen  he 
should  have  tried  his  friction  with  a  loaded  car.  Part  of  the  way  down, 
the  men  droi3ped  too  fast  and  some  were  slightly  hurt.  At  another 
time  a  new  top  man  fell  into  a  car,  or  fell  somewhere  else  on  the  cage, 
his  cries  excited  the  engineer,  and  the  latter  dropjjed  cage,  car  and 
M  man,  disabling  all  three.  There  was  a  foreman  on  the  spot,  or  near 
there,  who  had  a  theory  just  how  it  must  have  happened,  and  it  was 
a  detailed  theory.  It  was  a  theory,  too,  that  he  worked  whichever  way 
he  assumed  the  man  fell,  and  the  one  opportunity  for  advancing  a 
theory  about  an  accident  on  that  whole  contract  was  fully  embraced. 
There  was  no  accident  in  the  tunnel. 

Difficulties  met,  and  how  met,  is  in  papers  of  this  sort  a  topic  that 
■«-ill  bear  amplification.  Early  in  the  work,  a  water  pipe  running  par- 
allel to  and  over  the  tunnel  on  Fourth  Avenue  gave  way;  the  heading 
men  were  less  trained  then  and  had  lost  material  needlessly.  The  break 
occurred  at  night,  and  the  city  employees  did  not  at  once  find  the 
jtroper  way  to  shut  oft"  the  pressure.  Much  w'ater  escaped,  but  no 
damage  of  moment  was  done. 

At  Franklin  Avenue  the  surface  pipe  was  stripped,  and,  during  an 
unusually  heavy  rain  storm  one  Sunday  night,  the  surface  pipe  on 
Greene  Avenue  gave  way  where  stripped,  over  the  end  of  the  pilot.  The 
pressure  probably  Kfted  up  the  exposed  pipes,  as  the  present  sewers  are 
badly  overcharged  there.  The  trench  filled,  and  finally  the  water  com- 
menced running  through  the  pilot,  carrying  considerable  material  with 
it,  causing  a  cave-in  in  the  street.  Had  men  been  at  work,  the  pilot 
could  have  been  bulkheaded  against  it.  Had  the  filled  trench  given 
enough  head  to  the  water,  it  might,  however,  have  broken  into  the 
heading.     This  was  a  difficulty,  on  the  whole,  that  could  scarcely  have 
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been  foreseen  or  guarded  against.  The  j^i'essure  upon  overcharged 
sewers  is  enormous  in  some  localities  in  Brooklyn.  The  test  shaft  on 
Hanson  Place  at  St.  Felix  Street  showed  a  small  body  of  water  not  far 
above  the  tunnel  roof  as  already  stated.  It  was  a  water  pocket,  but 
was  thought  by  the  contractors  to  be  from  a  leaky  pipe.  As  the  head- 
ing reached  and  passed  under  it  there  was  a  heavy  drip  from  it,  which 
lasted  until  the  spot  was  passed.  This  finally  ceased,  probably  through 
the  water  having  found  a  way  down  the  brick  work.  This  water  pocket 
could  possibly  have  been  bled,  i.  e.,  a  pipe  driven  down  from  the  street 
to  it  and  a  pump  used  to  remove  the  water.  In  Baltimore  this  has 
been  done  frecpiently.  In  open  cut  work  in  Boston,  below  tide,  the 
foundation  is  kept  dry  owing  to  peculiar  stratification,  by  a  battery  of 
connected  pipes  to  which  a  pump  is  attached. 

We  have  already  seen  that  near  Shaft  No.  1  the  entire  brickwork 
was  set  high.  The  arch  was  found  to  settle  in  all  the  loose  material. 
The  leading  iron  rib  was  set  always  1  inch  high,  and  then  the 
brickwork  at  the  toothing  would  be  found  to  be  at  true  roof  grad 
after  centers  were  struck.  In  sand  and  gravel — in  anything  but 
silt — the  inv^ert  never  settled,  but  the  arch  would  settle  an  average  of 
1  inch.  In  one  wet  section,  with  boulders  and  sand,  a  roof  was  known 
to  settle  4  inches  in  the  10  feet.  Perhaps  one-half  inch  of  this  settle 
ment  should  be  attributed  to  the  centers  and  their  supports  taking  a 
bearing.  Apropos  to  the  Chicago  Tunnel,  under  investigation  at  the 
present  time,  this  settlement  seems  pertinent.  In  the  same  connection 
the  author  desires  to  say  that  we  never  succeeded  even  with  Portland 
cement  in  making  the  roof  water  tight  when  the  roof  was  dripping 
fast  as  the  brickwork  was  put  in.  The  iron  jilate  as  a  cap  for  the  rib 
braces  was  suggested  by  foreman  Charles  Lindau,  and  thereafter  used« 
and  it  saved  from  one- fourth  to  one-half  an  inch  of  the  settlement  wL 
the  roof  was  heavy. 

We  now  pass  from  evils  incident  to  too  much  water,  to  one  caused 
by  too  little.  Reference  is  had  to  a  very  fine,  dry  sand  that  will 
flow  like  water  and  jiour  through  the  least  crevice  in  a  bulkhead. 
It  was  first  encountered  in  South  Fifth  Street  several  years  ago. 
It  could  not  be  tunneled  unless  made  wet.  Flooding  it  by  means  of  a 
l)ipe  driven  down  from  the  street  and  a  hydrant  attached  to  it,  failed 
for  some  reason.  Next,  a  hose  Avas  attached  to  the  water-supply  pipe 
used  for  cement  mixing,  near  the  heading;  a  short  piece  of  water  i^ipe 
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■\v;is  fastened  to  the  far  end  of  the  hose,  the  pipe  was  thrust  into  the 
sand  at  the  roof  of  the  heading  and  the  water  turned  on.  The  water 
lould  not  force  its  way  in  nor  even  soak  in.  Finally,  a  jet  of  water, 
Avas  played  upon  the  sand  and  a  hole  washed,  into  which  the  pipe  was 
slowly  advanced,  and  the  sand  was  wetted.  This  worked  very  nicely, 
and  the  water  jet  was  thus  used  throughout  this  portion  of  the 
woi'k.  Rarely  does  this  sand  extend  all  over  the  section  in  this  drift 
material. 

The  care  needed  for  water  and  sewer  pijjes  overlying  the  tunnel 
depended  much  on  the  condition  of  these  pipes.  Slinging  was  resorted 
to  for  water  pipes  where  danger  was  apprehended.  The  greatest 
annoyance  was  from  cement  sewer  pipes,  some  of  which  were  put 
down  years  ago  by  property  owners  and  afterward  accejjted  by  the 
city.  Having  been  laid  under  the  supervision  of  men  unfamiliar 
with  such  work,  they  were  now  found  settled,  broken  and  cracked, 
often  leaking  before  the  pilot  reached  a  point  under  them.  They  were 
too  broken  to  sling  even  on  plank.  Stripping  them,  constant  tamjjing, 
Portland  cement  bottoms,  and  even  j^laster  of  Paris  to  caulk  cracks 
were  employed. 

Under  the  worst-laid  pipes  the  blasting  was  heaviest.  Care  in 
the  heading,  and  constant  watching  and  tamping  of  the  pipes  availed 
niost.  Boulders  containing  often  a  cubic  yard  with  others  to  fit  in  the 
spaces,  fine  sand  overlying  and  heavy  rains  surcharging  all  with  water, 
go  to  make  a  bad  surrounding  in  which  to  tunnel  under  a  broken 
sewer  pipe  in  winter.  A  deep  hole,  a  small  charge  of  black  powder 
hard  tamjied  and  splitting  the  boulder  into  about  three  pieces,  was 
found  the  best  way  to  blast  in  the  case  described.  The  lower  piece 
was  then  worked  out  and  an  upper  piece  let  down  a  little  so  as  to  get 
in  one  poling  board;  a  little  more  for  another  poling  board,  and  so  on. 
These  rocks  must  be  removed  from  the  heading  before  poj3-shotting. 
This  is  not  the  best  way  in  all  cases,  but  is  best  for  this  special  one. 
The  most  iiseful  device  found  for  carrying  water  along  a  bad  surface 
pipe  or  sewer,  was  a  strip  of  heavy  canvas,  wide  enough  to  come  up 
aliove  the  water  line  and  long  enough  to  bridge  over  the  broken  pipe 
or  crumbling  brick.  This  was  made  tight  to  the  surface  of  the  pipe  at 
the  upper  end  by  plaster  of  i^aris. 

Things  are  sometimes  seen  that  we  had  best  admit  we  cannot  ex- 
plain, but  unless  our  senses  deceive  us,  thev  are  facts.     The  author 
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once  heard  a  member  of  the  St.  Louis  Engineer  Club,  when  confronted 
with  the  foot-a-day  creeping  of  the  rails  across  the  Ead's  Bridge  there, 
throw  overboard  the  whole  puzzling  problem  with  an  "I  deny  the 
facts."  It  was  surely  facing  the  issue,  and  he  was  a  man  to  do  just 
that.  The  author  would  like  to  face  a  fact  about  these  pilots  in  that 
way.  They  turn  aboixt  their  axes,  and  the  line  of  their  longitudinal 
flanges,  which  sej^arate  the  i:)lates  from  each  other,  was  a  si^iral. 
Every  three  weeks  the  plates  had  to  be  shifted  one  hole  to  the  right, 
i.  e. ,  six  inches.  Every  pilot  moved  in  the  same  direction,  from  right  to 
left,  when  looked  at  with  the  back  to  the  shaft  from  which  the  pilot 
started.  The  direction  and  rate  of  this  movement  was  the  same  for  each 
pilot  on  the  work.  Would  bad  punching  of  the  plates  do  this?  But 
the  pilot  jilates  were  not  all  made  at  the  same  place  or  at  the  same 
time.  Each  jjlate  was  put  in  each  time  just  as  j)icked  up;  the  proba- 
bilities are  that  it  was  therefore  turned  around  every  other  time  it 
was  used.  Left-handed  or  right-handed  men  made  no  difference. 
All  possible  orders  of  succession  of  poling  and  bolting  were  tried, 
and  no  difference  detected.  As  we  worked  each  way  from  each  shaft 
one-half  the  j^ilots  rolled  in  one  direction,  the  other  half  in  an  oppo- 
site direction.  In  South  Fifth  Street,  it  is  stated,  the  same  thing 
was  observed,  the  heading  j^dates  traveling  to  the  left  when  they 
moved  at  all.  The  movement  of  heading  plates  was  very  irregular — 
usually  much  less  than  those  of  the  pilot.  As  some  of  you  know,  the 
shields  at  St.  Clair  and  the  shield  in  the  Hudson  River  Tunnel  revolve, 
and  in  neither  case  did  the  effort  to  stop  the  tendency  or  find  the  cause, 
succeed.  Of  course,  there  need  be  no  analogy  here,  for  shields  are 
moved  by  hydraulic  pressure.  They  do  not  always  roll  to  the  left, 
neither  is  the  rotation  always  uniform. 

The  instrumental  work  of  the  alignment  and  grades  was  uniformly 
excellent.  The  line  of  levels  and  bench  marks  having  been  carefully 
established  in  the  street,  it  only  remained  to  measure  vertically  down 
the  shafts  Avith  a  steel  tape  to  transfer  the  levels  to  the  timneL 
Bench  marks  were  established  in  the  tunnel  with  a  wye  level,  but 
grade  elevations  for  the  work  were  given  by  a  combined  ti-ansit 
and  level,  thus  avoiding  the  use  of  two  instruments  in  cramped  quar- 
ters. A  grade  tack  was  put  in  the  invert  every  30  feet,  from  Avhieb 
the  inspector  tested  his  bottom  grade,  and  a  grade  mark  was  placed 
on  the  center  of  the  roof  to  guide  him  in  setting  up  his  leading  rib 
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imd  to  show  the  foreman  how  his  plates  miist  be  made  to  run  for 
i^aade.  As  the  several  headings  came  together  the  differences  in  levels 
were  trifling. 

The  alignment  was  carefully  established  on  the  street  and  is  shown 
in  connection  with  the  profile.  The  curves  shown  were  built  upon 
and  the  brickwork  now  stands  true  to  them.  The  shafts  were  of 
different  sizes.  Usually,  there  was  an  available  base  line  of  14  feet  to 
be  used  in  transferring  the  center  line  to  the  bottom  of  the  shaft. 
Fine  piano  wire  and  5-pound  plumb-bobs  were  used,  the  latter 
steadied  in  a  bucket  of  water.  The  transit  was  set  uji  in  the  timnel  a 
little  way  from  the  shaft  and  shifted  until  its  line  of  collimation 
l)assed  through  each  plumb  wire.  A  jjoint  was  then  established 
beyond  the  shaft  in  the  tunnel.  No  point  of  intersection  of  the  curves 
was  outside  the  tunnel  brickwork.  Center  j^oints  were  given  by 
tacks  in  the  roof  about  50  feet  ai)art,  nails  were  driven  a  foot  ahead  of 
each  tack,  and  from  these  a  long  cord  and  a  i^lumb  bob  enabled  the 
foreman  to  get  a  center  point  in  pilot  or  heading,  or  the  inspector  to 
center  his  profile  for  each  section.  The  author  desires  to  say  for  the 
benefit  of  his  jjrofessional  brethren,  that  centers  and  grades  were 
given  without  any  appreciable  interference  with  the  Avorkmen.  The 
errors  in  alignment  found  to  exist  as  the  various  headings  met,  were  too 
small  to  be  now  seen  in  the  completed  work.  The  least  error  in  align- 
ment was  one-fourth  of  an  inch,  between  Shafts  No.  5  and  No.  6  ;  the 
greatest  was  4  inches  between  Shafts  No.  3  and  No.  4.  From  Shaft 
No.  3  the  line  extended  around  two  curves  and  for  a  total  length  of 
1  400  feet  to  the  heading.  From  Shaft  No.  4  the  line  extended  780  feet 
1 1 1  the  heading,  where  these  two  lines  met.  These  shafts  were  farthest 
:il)art  and  the  long  heading  w^as  on  the  same  heading  as  the  curves.  This 
error  of  4  inches  under  these  conditions  is  not  large,  but  first-class 
transit  work;  it  certainly  needed  to  be  no  better  for  the  occasion.  Mr. 
Wm.  T.  Brourton,  the  engineer  in  charge  of  the  field  work,  also  had 
charge  of  that  work  on  the  Knickerbocker  Avenue  Extension  Sewer  in 
South  Fifth  Street,  Brooklyn.  It  is  his  judgment  that  for  shafts  giving 
a  14-foot  base  line  in  the  tunnel  and  with  those  shafts  1  600  feet  apart 
the  maximum  error  in  alignment  of  2  inches  and  the  maximum  error 
in  levels  of  one-fourth  of  an  inch  are  reasonable  errors. 

On  the  profile  is  shown  the  progress  in  months  from  each  heading 
after  the  work  was  well  under  way.  The  average  progi'ess  in  a  heading 
for  each  24  hours  was  4.4  feet. 
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It  only  remains  to  sjieak  of  tlie  special  constructions  employed. 
The  sewer  under  consideration  is  a  relief  sewer,  and  therefore  has  no 
street  or  house  connections.  At  Marcy,  Nostrand  and  Bedford  Avenues 
manholes  were  jjut  in  and  a  connection  made  with  the  surface  sewers. 
One  of  these  manholes  and  connections,  the  one  at  Bedford  Avenue,  is 
shown  in  detail  (Plate  LI) ;  it  is  tyj^ical  in  idea  with  the  others,  although 
each  is  built  on  a  special  plan  designed  to  ajiply  to  the  case.  The  end 
sought  is  to  avoid  disturbing  the  house  drainage  of  the  small  sewer,  but 
to  take  from  the  small  sewer  all  water  in  excess  of  that  from  house 
drainage  and  to  do  this  with  the  least  impeding  of  the  flow.  The 
connection  is  brought  into  the  small  sewer  at  as  easy  an  angle  as 
l^ossible.  A  single  slab  of  stone  jjlaced  in  the  line  of  the  down 
stream  side  of  the  inlet,  completely  cuts  oflf  all  flow  above  its  lower 
edge.  The  excess  water  is  led  to  the  manhole  and  drops  vertically  to 
the  invert  of  the  tunnel  masonry.  This  invert  has  jDreviously  been 
paved  with  granite  blocks  such  as  are  used  on  streets;  the  granite  replaces 
the  inner  rings  of  brick  and  is  laid  in  Portland  cement  to  the  same 
inner  lines.  It  extends  for  30  feet  in  length  and  up  to  the  sj^ringing  lines, 
and  manholes  were  jDut  in  at  every  shaft  except  No.  7,  and  at  Marcy, 
Nostrand  and  Grand  Avenues  as  well.  Where  the  diameter  of  the 
tunnel  was  changed  from  12  to  14  feet,  it  was  done  in  one  16-foot 
section  of  brickwork.  Raising  the  ribs  on  the  small  section  and 
lowering  them  on  the  large  section  started  the  brickwork  in  the 
changed  direction  and  gave  a  gradual  change  of  section  when  finished. 
The  curve  used  in  turning  into  Greene  Avenue  was  a  long  curve,  and 
put  in  with  straight  10-foot  sections  of  brickwork,  each  section  of 
which  was  a  chord  to  the  circle.  This  was  thought  preferable  in  every 
way  to  a  short  circle  and  curved  brickwork.  It  imjjedes  flow  less,  is 
easier  to  lay  brick  to,  and  a  pilot  can  very  easily  be  turned  around  it 
by  wedging  only.  It  is  better  than  a  short  curve,  an  angle,  or  a 
turn  in  the  shaft. 

The  manholes  on  Section  No.  1  are  smaller  and  more  numerous. 
The  IE-beams  rest  on  a  granite  cojiing  on  the  side  walls  of  the  flat  roofed 
portion;  between  the  beams  are  flat  brick  arches  carrying  the  street, 
and  all  possible  head  room  was  economized.  The  trap  basin  is  worthy 
of  close  study.  The  illustrations  are  so  comi)lete  that  it  is  necessary  . 
to  touch  only  upon  a  few  points  not  shown,  but  evident  on  reflection.  : 
The  size  of  this  basin,  60  feet  by  84  feet  and  16  feet  high,  is  realized  only  -• 


i 


PLATE   L  I. 

TRANS.AM  SOC.CIV  ENG'RS 

VOLXXVI.NPS29 

B  EA  H AN    ON 

BROOKLYN  RELIEFSEWER 


C^wJtf    tStCTtc^  9"    Oirsf*Ft.ov/ 


-i_i^L_i_.2: 


g^^iSJW0Og»<SAAJ9^j<y'^S?i^<V«^^  VX>6<Vv<-^ 


'lA^v"//////-///yy/y//'^/'/^^/^/'/'/^/^77yy/yxxvx<f^y//^^x^;z^^^ 


Scale/ 

,''f,''fS.'7,''A'',  ^'  X  ^'  \      ">' 


-/;i;mii^=ffi^^smi>/yyyyy//yyyyyy'yyyyy'y'y> 


777ry?y^yyyyyyyyyy^ 


J}^r»^  Mi»/  -/^«^ 


BEAHAN    ON    MAIX    RELIEF   SEWER   OF    BROOKLYX.  507 

when  one  is  in  it.  Its  duty  is  to  receive  the  entire  discharge;  pass  it 
throiigh  a  hattery  of  cast-iron  i^ipcs  lying  in  a  horizontal  row;  con- 
duct it  over  a  bridge  wall,  and  then  through  a  second  and  similar 
battery  of  pipes  into  tide  water  at  the  head  of  Gowanus  Canal.  To 
insure  that  the  sewer  outflow  be  trapped  at  any  possible  stage  of  the 
tide  water  is  the  object  of  the  bridge  described  and  this  is  apparently 
an  unique  method.  The  top  of  this  bridge  is  1  foot  above  mean  low 
■water,  while  the  bottom  of  the  sewer  invert  is  at  mean  high  water. 

The  Main  Relief  Sewer  of  the  City  of  Brooklyn  is  an  accomplished 
fact,  well  planned,  successfully  accomi^lished  in  a  short  time  without  a 
single  accident  or  misunderstanding.  In  the  securing  of  data  for  the 
preparation  of  this  paj^er,  the  author  is  greatly  indebted  to  Mr.  John 
P.  Adams,  Commissioner  of  City  Works,  for  the  information  kindly 
placed  at  his  disposal  through  Mr.  Robert  Van  Buren,  Chief  Engineer. 
His  sincere  thanks  are  also  due  to  Mr.  L.  Russell  Clapp,  Assistant 
Engineer  in  charge,  for  kind  assistance  and  time  cheerfully  granted. 


DISCUSSION. 


AiiFKED  F.  Sears,  M.  Am.  Soc.  C.  E. — This  paper  is  a  description 
of  the  plans  of  the  Main  Relief  Sewer  of  Brooklyn,  with  a  statement  of 
some  of  the  expedients  resorted  to  for  overcoming  difficulties  in  its 
construction.  As  an  agreeably  written,  historical  sketch  it  is  pleasant 
reading.  It  is  much  to  be  regretted  that  the  author  did  not  enter  more 
fully  into  the  details  of  the  work,  some  of  which  I  venture  to  suggest. 
This  would  have  added  greatly  to  its  value  to  all  who  are  engaged  in 
this  class  of  Hydraulic  operations. 

First. — We  are  told  "that  the  maximum  rainfall  per  hour  is  4 
inches,  and  that,  of  this,  1  inch  per  hour  reaches  the  sewer  as  a 
maximum."  But  the  statement  is  also  made  that  this  1  inch  per  hour 
"is  assumed."  After  this,  we  are  given  an  exami^le  of  the  application 
of  Kutter's  formula  with  Flynn's  improvement.  Now,  my  comment  on 
this  point  is,  that  the  apjilication  of  the  formula  goes  without  saying; 
having  a  certain  amount  of  water  to  accommodate,  we  know  exactly 
where  to  go  in  our  liooks  to  find  the  size  of  the  conduit.  But  it  would 
be  extremely  useful  to  have  the  course  of  reasoning  by  which  an  engi- 
neer determines  that  1  incji  out  of  a  shower  of  4  inches  will  reach  certain 
points  along  the  street  gutters,  and  not  2  inches  nor  simply  a  half- 
inch.     If  Mr.   Beahan  will  give  us  this  argument  he  will  do  a  great 
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deal  for  the  advocates  of  what  is  known  as  the  "  Combined  System  of 
Sewerage,"  j^rovided,  always,  he  can  show  anything  more  than  the 
guess-work,  which  has  so  often  brought  to  grief  the  construction  of 
sewerage  works  otherAvise  sound. 

Second. — We  read  that  "the  cost  for  timber  would  be  great  in 
Brooklyn."  Now,  this  is  a  very  wide  country,  and  Brooklyn  is  on  the 
extreme  eastern  edge  of  it.  The  papers  of  this  society  must  be  made 
as  useful  to  me  on  the  Pacific  coast  where  I  can  have  the  best  yellow 
fir  delivered  on  my  work  at  $9.00  jjer  M.  B.  M.,  and  iron  costs  me,  when 
cheapest,  $50  to  !$60  per  ton,  as  to  you  who  live  right  here  and  know, 
joerhaps,  what  Mr.  Beahan  is  talking  about,  when  he  says  "  cost  is 
great,"  which  I  certainly  do  not  ;  if  he  will  give  us  a  detailed  estimate 
on  carefully  drawn  plans,  of  the  cost  of  constructing  these  different 
designs,  then  we  can  apply  the  figures  according  to  the  geography  of 
the  case  ;  without  such  detail  the  value  of  the  statement  is  very 
limited. 

Third. — The  sole  value  to  this  Society,  of  papers  telling  us  the  story 
of  construction,  lies  in  the  minuteness  and  acouracy  of  their  details. 
If  Mr.  Beahan  will  tell  us  the  number  of  days'  labor,  the  class  and 
cost  of  the  labor  it  took,  to  do  certain  excavations  and  back  fillings; 
also  the  cost  of  skilled  labor  and  of  the  materials  employed,  this  paper 
will  be  of  much  greater  value.  I  hope  he  will  see  his  way  clear  to  do 
this,  for  which  he  is  so  comj)etent,  and  so  place  us  under  greater 
obligations  to  him. 

A.  Fteley,  M.  Am.  Soc.  C.  E.  — I  have  read  the  paper  that  you  have 
heard,  and  I  might  add  a  few  remarks.  One  thing  that  I  see  by  this 
paper,  with  a  great  deal  of  pleasure,  is  that  the  cost  of  the  work  as  it 
stands  to-day  has  been  within  the  limits  of  the  original  estimate.  This 
result  upon  a  work  that  has  presented  so  much  difficulty  and  difficulties 
of  such  various  kinds,  it  seems  to  me  is  a  result  that  we  must  all  con- 
sider as  very  flattering  to  the  engineer  who  planned  the  work. 

I  notice  in  the  paper  a  few  remarks  made  about  the  reliability  of 
soundings.  I  believe  that  in  the  work  under  consideration  there  were 
some  errors  shown  and  there  were  some  difficulties  encountered  thereby, 
but  I  may  be  permitted  to  say,  that,  having  had  iinder  my  observation 
a  great  many  soundings,  there  are  means  of  making  soundings  by 
which  the  ground  can  be  explored  with  a  great  deal  of  accuracy,  so  as 
to  give  to  the  engineer  a  good  idea  aboiit  the  work  that  is  to  be  done. 

I  notice  also  that  in  the  comi3utations  of  flow,  the  Kutter  coefficient 
n  has  been  estimated  as  being  .015.  I  believe  that  figure  is  altogether 
too  high;  from  data  I  have  of  the  work  under  consideration  I  do  not 
doubt  that  the  coefficient  would  certainly  be  as  low  as  .014,  and  con- 
sidering the  imjjortant  bearing  of  the  coefficient  I  do  not  doubt  that 
the  flow  ought  to  show  more  than  represented  in  that  calculation. 
I  notice  also  that  the  maximum  error  in  the  tunnel  in  alignment  has 
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"beeu  considered  as  being  a  maximum  of  2  inches  in  a  shaft  Jjrescntiug 
a  base  of  14  feet  for  a  heading  of  1 600  feet.  I  do  not  myself  attach  a 
great  deal  of  importance  to  the  absolute  accuracy  of  alignments 
in  work  of  this  kind ;  sometimes  a  great  deal  of  time  is  sjient  in  getting 
absolute  accuracy.  I  should  say  we  have  lately  in  tunnel  building 
attained  some  resiilts  very  much  more  exact.  We  have  seen  many  re- 
sults in  which  the  error  was  a  very  small  fraction  of  the  maximum 
mentioned  for  a  heading  as  long  as  7  500  feet. 

It  may  be  permitted  also,  as  I  see  there  is  not  present  any  engineer 
who  had  anything  to  do  with  this  work,  to  say,  as  it  was  my  good 
toitune  to  be  consulted  some  years  ago  when  this  scheme  was  planned, 
that  the  study  of  the  present  sewer  required  heroic  treatment.  The 
euginecr  who  recommended  this  sewer  had  also  recommended  another 
]H)rtion  which  has  not  been  accepted.  All  the  portion  of  Brooklyn 
\\  hich  adjoins  the  Wallabout  is  so  very  level  that  when  a  large  amount 
of  tiow  roaches  that  region,  the  streets  are  very  much  flooded,  and  it  is 
vtTv  difficult  to  prevent  flooding.  It  was  suggested  that  the  whole 
district  might  be  raised  a  number  of  feet.  It  was  not  then  very  thickly 
Imilt  uijon,  and  the  expenditure  would  have  been  within  some  reason- 
able amount.  As  an  engineer,  I  am  sorry  that  the  details  of  the  matter 
were  not  more  fully  considered  than  they  were.  I  don't  doubt,  however, 
that  a  portion  of  the  trouble  there  would  be  relieved  by  the  fact  that  a 
portion  of  the  overflow  water  of  the  district  will  be  taken  care  of  by 
this  Greene  Avenue  sewer. 

On  the  whole,  this  work  has  been  very  satisfactorily  conducted 
tliroughout.  We  have  heard  little  of  it  because  it  was  so  well  con- 
ducted that  there  was  not  any  accident.  It  was  a  great  work;  it  was 
carried  on  under  the  main  street  and  under  heavy  buildings,  and  no 
trouble  was  experienced  at  all,  and  it  does  a  great  deal  of  credit  to  the 
people  who  have  planned  the  work. 

Mr.  Beahan. — Do  you  consider  that  .014  would  be  about  the  right 
coefficient  for  North  River  brick  in  joints  not  struck  ? 

Mr.  Fteley. — I  must  say  that  I  have  not  seen  the  last  part  of  the 
work.  I  saw  it  at  the  beginning,  and,  judging  from  other  stntctures  of 
the  same  kind  where  the  joints  were  not  struck,  I  believe  that  .015  is 
the  very  extreme  coefficient  that  ought  to  adopted,  and  it  should  be 
very  rough  indeed  to  oT)tain  that  figure.  On  a  very  large  work  in 
V  hich  I  am  now  measuring  the  water,  I  find,  within  the  last  two  or 
three  months,  that  from  .0146  to  .0142  is  about  the  limit. 

A.  McC.  Pakkek,  M.  Am.  Soc.  C.  E. — I  once  had  to  sink  a  shaft 
about  120  feet  along  the  footwall,  through  a  pile  of  loose  material 
made  up  of  earth,  dirt  and  broken  rock,  some  of  which  was  in  very 
llarge  masses,  in  a  pit  at  the  Tilly  Foster  Iron  Mine.  A  pit  8  x  10  feet 
at  the  bottom  was  dug  in  the  top  of  the  pile  as  deep  as  it  could  be  safely 
1  arried  down.     In  the  bottom  of  this  pit  a  shaft  set,  made  of  flatted 
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round  oak  timber,  10  inches  in  diameter  at  the  small  end,  was  laid  at 
an  angle  of  about  80  degrees  with  the  dip  of  the  shaft.  Corresj^onding 
sets  placed  4  feet  apart  were  placed  above  this,  up  to  the  level  of  the 
toj)  of  the  jjile  of  loose  material  and  then  2-inch  oak  poling  boards,  not 
over  9  inches  Avide,  were  driven  all  around  and  the  pit  tilled  in  and 
tamped  thoroughly.  The  lower  set  of  poling  boards  was  then  driven, 
one  by  one,  until  about  6  feet  had  been  excavated,  when  another  timber 
set  was  placed  and  a  new  set  of  poling  boards  started.  "When  the  pol- 
ing boards  were  driven  they  bore  against  the  dirt  on  the  outside  of  the 
cap  of  a  lower  set  (tending  to  crowd  the  cap  toward  the  wall),  and  on 
the  inside  of  the  cap  of  an  upj^er  set  (tending  to  pull  it  out),  but  this 
pull  was  resisted  by  the  jiressure  against  the  boards  already  driven; 
consequently,  the  harder  the  boards  were  driven,  the  stronger  the  shaft 
became.  The  sets  were  partly  supported  by  the  friction  of  the  jjoling 
boards,  and  partly  by  setting  them,  not  normal  to  the  dip  of  the  shaft, 
but  at  an  angle  considerably  above  the  normal,  so  that,  as  they  tended 
to  settle  down  at  the  caj)  end  (the  foot  being  supi^orted  by  the  foot 
wall),  they  became  longer  in  a  direction  normal  to  the  dij)  and  conse- 
quently exerted  a  thrust  against  the  overlying  dirt;  hence,  the  greater 
tendency  to  settle,  the  stronger  the  shaft-timbering  became. 

O.  F.  NiCHOiiS,  M.  Am.  Soc.  C.  E. — This  is,  so  far  as  I  know,  one  of 
the  first  occasions  in  which  this  "  pilot  system  "  of  tunneling  has  been 
presented  before  an  engineering  society.  I  regret  that  Mr.  Beahan  has 
not  gone  into  the  question  of  cost.  It  would  have  been  extremely  in- 
teresting if  we  could,  at  least,  have  had  the  average  number  of  men 
emjjloyed  at  each  heading.  I  am  still  in  hopes  that  the  engineers  who 
designed  and  inspected  this  work  may,  in  their  reports  or  otherwise, 
give  us  many  valuable  details  which  are  wanting  in  this  paper. 

The  system  seems  to  me  to  have  very  marked  advantages  in  certain 
places,  and  Brooklyn  seems  to  be  one  of  the  most  suitable  localities  for 
its  application.  The  same  system  was  used  by  Mr.  Anderson,  I  think, 
on  the  South  Fifth  Street  sewer,  which  was  one  of  the  earlier  sewer 
tunnels  in  Brooklyn.  There  had  been  great  settlement  on  that  work, 
and  many  difficulties  in  open  work  and  tunnel.  This  system  was 
adopted,  property  was  saved  from  destruction,  and  the  contractors 
avoided  serious  financial  loss. 

I  have  observed  the  work  on  the  Greene  Avenue  sewer  with  great 
interest  and  mainly  as  one  who  would  be  seriously  afi'ected  if  it  should 
fail  during  construction.  The  work  has  been  pushed  rapidly  and  with 
great  care  and  skill.  This  Long  Island  material  is,  as  we  all  know,  a 
compact  drift  of  fine  sand,  gravel  autl  boulders.  Where  the  material 
is  sand,  it  is  often  clean,  sharp  and  compact,  and,  under  these  conditions, 
this  method  of  tuuueliug  has  been  very  satisfactory  when  the  ground 
could  be  kept  dry.  Whenever  boulders  have  been  found,  the  compact- 
ing of  these  together  in  mass  has  arched  the  material  over  the  tunnel 
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in  a  way  to  avoid  great  settlement  and  loss  of  material.  The  settle- 
ment of  the  street  surface  has  generally  been  very  slight,  no  buildings 
have  settled,  no  striicturos  have  been  jeopardized.  At  Flatbush  Avenue 
an  elevated  railroad  foiiudation  within  the  settlement  area  settled  less 
than  one-half  inch,  tlie  moving  load  having  been  taken  off  during  con- 
struction, at  this  point  the  general  surface  settlement  had  been  con- 
siderable, due  to  the  necessity  of  pumping  from  below  the  invert.  At 
Grand  Avenue,  of  six  foundations  of  the  same  kind,  nearly  over  the 
sewer,  one  has  settled  not  more  than  an  inch,  and  the  others  have  not 
si'ttled  at  all.  The  material  here  is  compacted  boulders,  and  pumjiing 
was  not  necessary.  Altogether,  I  doiibt  if  corresponding  results  over 
^ucli  a  length  of  tunnel  could  have  been  secured  by  any  other  method. 

A  disadvantage  of  the  system  Avould  seem  to  be  that  so  few  men  can 

1m   worked  in  the  headings,  the  pilot  and  braces  fill  up  so  much  of  the 

-]i;ice  for  a  considerable  length  of  tunnel.     A  great  advantage  on  the 

I'tiior  hand,  particularly  for  cases  of  this  kind  in  crowded  streets,  is 

,that    so  little  constructive  material  had  to  be  handled  through  the 

I  shafts,  no  heavy  or  long  timbers  being  required.     The  iron  segments  are 

i  taken  in  and  remain  there  in  progressive  use  with  a  minimum  amount 

of  timber,  until  the  headings  meet.     Messrs.  Anderson  &  Barr  have 

had  long  and  varied  experience  in  the  use  of  this  pilot  system  and 

have  reduced  the  delay,  danger  and  expense  to  a  minimum.     I  am,  on 

this  account,  the  more  desirous  that  some  one  should  give  us  details  of 

the  cost  of  this  particular  work,  that  we   may  comjaare  it  with  other 

systems  with  which  we  are  better  acquainted. 

Mr.  Beahan  makes  sweeping  criticisms  of  the  shield  system.  It 
must  be  remembered  that  shields  have  generally  been  introduced 
where  the  loss  of  material  and  lives  have  been  considerable  before  they 
were  introduced.  Such  was  the  ease  on  the  old  Thames  Tunnel,  the 
Hudson  River,  the  Mersey  and  the  St.  Clair  Tunnels.  The  engineers 
were  not  justified  from  jirevioiis  exjDerience,  in  the  St.  Clair  Tunnel,  in 
.using  any  other  method,  and  the  repeated  failures  to  get  beyond  the 
jbulkhead  line  on  the  New  York  side  of  the  Hudson  River  Tunnel,  cer- 
Itainly  justified  the  proposed  resort  to  a  shield  as  the  safest  method  of 
doing  this  work. 

The  use  of  a  shield  in  compact  rock,  as  proposed  for  the  deej} 
rapid-transit  tunnel  in  New  York  City,  is  simply  absurd.  The  various 
attempts  to  tie  us  down  to  some  particular  patented  shield  are  ridicu- 
lous. Shields  like  everything  else  are  subject  to  betterment  based  on 
continued  use  in  various  materials.  A  perfect  shield  is  therefore  more 
Ukely  to  be  the  result  of  future  development  than  of  j^ast  patent  right. 
Mr.  Beahan  becomes  unnecessarily  sarcastic  in  his  preference  for  the 
(practical  school,  and  in  demanding  recognition  for  the  services  rendered 
by  skilled  workmen.  No  sensible  engineer  will  theorize  over  the  ex- 
ecution of  a  work  of  this  kind.     When  he  plans  and  i^rojects,  he  neces- 
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sarily  uses  tlieories  and  formulas;  wlien  he  meets  material  in  the 
physical  sense,  he  meets  it  iu  a  j^ractical  way  with  every  agency  at  his 
hand,  to  overcome  its  resistances,  and  from  Brunei  to  Fteley  no  in- 
genious device  for  accomplishing  rapid,  economical  and,  hence,  suc- 
cessful work,  fails  of  promjit  recognition;  and  no  laborer,  however 
humble,  who  can  add  a  valuable  suggestion  to  the  sum  of  engineering 
experience,  fails  to  find  applause  from  the  conscientious  engineer. 
"Let  us  be  honest,"  says  Mr.  Beahan,  and  in  saying  this  he  imijlies  an 
unwarranted  arrogance  and  iniquity  to  a  profession  which  is,  of  all 
professions,  the  most  honest  and  the  quickest  to  detect  and  expose 
fraud.  Two  foreman  find  recognition  in  this  paper.  Unless  the  work  is 
very  different  from  other  work,  there  are  others  whose  quiet  efforts 
may  have  deserved  it  more.  Published  recognition  is  what  the  best 
workers,  as  laborers  or  engineers,  seek  last;  it  is  the  lesson  of  all 
biography,  that  modesty  is  the  crowning  attribute  of  the  greatest.  Only 
the  time-server,  the  self-seeker,  the  vain-glorious  and  the  schemer 
fail  of  that  which  is  the  bept  and  often  the  only  recognition  of  the 
faithful  worker — the  consciousness  of  duty  well  done  under  evei-y 
trial. 

Chaeles  B.  Beush,  Vice-President  Am.  Soc.  0.  E. — The  pilot 
system  has  been  referred  to  a  number  of  times  this  evening  and  it  has 
also  been  discussed  at  considerable  length  on  other  occasions.  It  may 
be  interesting  to  review  the  history  of  this  system. 

In  the  commencement  of  the  construction  of  the  Hudson  Elver 
Tunnel  a  shaft  was  sunk  30  feet  in  diameter  and  60  feet  deep.  The 
idea  was  that  opposite  sides  of  the  shaft  could  be  removed  and  the 
tunnel  started  directly  in  the  silt.  Large  rings  were  built  in  the  sides 
of  the  shaft  as  it  was  sunk,  and  provision  was  made  so  that  the  brick 
work  could  be  taken  out  from  inside  of  these  rings  and  the  tiiunel 
started  from  these  points.  The  attempt  resulted  in  failure.  An  open- 
ing was  made  through  the  shaft,  the  excavation  was  commenced  in  the 
silt  and  for  one  or  two  days  it  worked  very  well.  The  opening  was 
excavated  for  a  width  in  the  top  of  the  heading  of  perhaps  12  feet  and 
the  heading  was  kept  in  j^lace  partly  by  timber  bracing.  On  the  third 
day  it  was  noticed  that  this  was  failing  and  on  the  fourth  day  it  failed 
entirely.  An  air  lock  had  been  placed  through  the  brick  work  in  the 
side  of  the  shaft,  and  air  under  pressure  was  forced  into  the  opening 
made  into  the  silt.  It  was  hoped  that,  without  any  further  protection, 
the  air  pressure  woiild  be  sufficient  to  hold  the  silt  in  place.  The 
timbering  to  which  I  referred  was  very  slight. 

A  number  of  methods  Avere  then  considered.  A  roof  was  built  over 
that  portion  of  the  tunnel  where  the  excavation  had  been  made,  and 
this  roof  was  covered  with  timber  and  some  canvas,  and  again  they- 
attempted  to  make  the  excavation  on  the  same  principle,  that  is,  to 
sustain  the  roof  and  sides  simply  by  forcing  air  into  the  excavation, 
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int  it  was  uusnccessfiil.  This  occnrrotl  ami  was  described  lu  a  pai)er 
presented  to  this  society,  and  read  May  25th,  1880.*  The  failure  took 
place,  as  recorded  in  that  laajjer,  on  January  5th,  1880. 

The  next  thing  that  was  done  is  described  on  page  267,  viz. :  "Plates 
for  an  iron  tube  8  feet  long  and  6  feet  4  inches  in  diameter  were  ordered, 
the  jjlatcs  to  be  v  inch  thick,  2  feet  6  inches  wide  and  4  feet  long,  with 
3-inch  angle  iron  flanges  riveted  to  the  four  sides  of  the  jjlates." 
They  were  made  just  large  enough  to  surround  the  airlock  as  it  pro- 
jected through  the  side  walls  of  the  shaft.  These  j^lates  were  put  in 
position  exactly  as  described,  and  thereafter  no  difficulty  was  found  in 
working  the  material. 

The  question  then  arose  as  to  how  much  area  of  heading  could  be 
satisfactorily  worked  in  this  Avay.  For  the  purpose  of  determining 
that  point,  a  series  of  concentric  rings  were  then  constructed  and  jjlaced 
in  position,  gradually  enlarging  in  diameter  until  the  iull  size  of  the 
biinnel  was  reached.  It  was  found  that  these  rings  assisted  in  keeping 
the  material  in  place,  but  that  the  size  of  the  original  tube  was  the 
most  convenient  for  use  in  making  the  heading.  This  original  iron  tube 
was  the  beginning  of  the  whole  pilot  system,  and  it  was  proposed  and 
designed  by  me.  It  was  used  during  the  balance  of  the  construction 
of  the  tunnel  while  Mr.  Anderson  remained  as  Superintendent.  What 
I  have  stated  are  simply  historic  facts. 

Mr.  Beahan. — I  am  perfectly  aware  that  I  am  not  giving  any  history 
af  the  pilot,  nor  am  I  here  to  answ'er  the  gentleman  as  to  who  invented 
the  jiilot  or  as  to  whether  any  man  ever  invented  it  all  by  himself. 
IE  do  not  know.  I  have  not  called  it  the  Anderson  system  at  all, 
>B  you  A\-ill  find  ;  nor  do  I  mean  to  disclaim  anything  the  gentleman 
aid.  Mr.  Anderson  is  not  present ;  Mr.  Brush  has  the  floor  and  has 
the  advantage  of  me.  In  reading  the  paper  that  Mr.  Brush  refers  to,  I 
never  noticed  that  that  was  a  pilot.  It  is  a  fair  section  of  that  tunnel, 
the  concentric  rings  run  from  a  small  to  a  large  one,  and,  as  it  started 
.from  that  shaft,  I  don't  see  that  it  was  a  pilot.  The  idea  of  the  julot 
s  that  of  a  small  experimental  tunnel  in  advance  of  the  main  tunnel. 
One  of  the  reasons,  I  suppose  the  first  reason  for  using  it,  was  to  find 
out  the  nature  of  the  material  in  advance  ;  if  there  is  bad  material,  the 
pilot  will  run  into  it  and  it  can  be  j^repared  for.  The  pilot  can  be 
biilkheaded  easily,  when  a  tunnel  20  feet  in  diameter  could  not. 

As  to  this  discussion  to  which  Mr.  Brush  has  referred  I  confess  I 
1111  not  equal  to  it  in  any  way. 

Mr.  Brush. — A  tube  about  6  feet  in  diameter  proved  to  be  the  most 
•onvenient  size  for  working  with  the  advance  tunnel,  and  with  such  an 
iilvance  tunnel  it  was  found  that  the  work  could  proceed  much  more 
rapidly  and  the  proper  section  of  the  tunnel  could  be  more  accurately 
obtained.     It  was  also  valuable  for  the  purpose  of  exploring. 

*  Transactions  Am.  Soc.  C.  E.,  Vol.IX,  p.  259. 
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T.  H.  McCann,  M.  Am.  Soc.  C.  E.— Mr.  Beahan  states  that  the 
"pilot  system  "  of  tunneling  was  first  introduced  by  Mr.  J.  F.  Ander- 
son, Superintendent  of  the  Hudson  River  Tunnel,  in  1880.  At  the 
beginning  of  the  work  of  this  tunnel,  in  1880, 1  was  in  daily  attendance 
with  C.  B.  Brush,  M.  Am.  Soc.  C.  E.,  the  Chief  Engineer,  and  gener- 
ally present  during  the  discussions  of  methods  to  overcome  the  various 
difficulties  that  presented  themselves  from  time  to  time.  I  have  always 
had  the  conviction  that  the  suggestion  of  the  "pilot"  Avas  first  made 
by  Mr.  Brush. 

It  is  true,  as  Mr.  Beahan  states,  that  Superintendent  Anderson  in- 
troduced the  i^ractical  working  of  the  "pilot  system,"  and  there  is  no 
doubt  that  his  skill  and  courageous  energy  made  the  experiment  ^a 
success  from  the  start.  Now,  whether  the  germ  of  the  idea  originated 
in  the  brain  of  Mr.  Brush  or  that  of  Mr.  Anderson  will,  I  suppose,  to 
engineers  a  thousand  years  hence  make  little  difference,  but  it  is  only 
just  that  this  testimony  be'  entered  here  in  order  to  render  honor  to  j 
Avhom  honor  is  diie.  As  all  of  us  very  well  know,  during  a  discuasioa  I 
in  which  several  original  minds  are  engaged  on  some  difficult  and  intri- 
cate problem,  new  and  novel  ideas  will  be  suggested  ;  but  if  any  one  of 
the  participants  in  the  discussion  were  to  be  asked  some  years  after- 
wards to  whom  a  certain  idea  in  the  solution  should  be  accredited,  it 
is  ten  chances  to  one  that  he  would  not  be  able  to  remember. 

The  lorincipal  use  of  the  "  pilot  "  in  the  Hudson  River  Tunnel  head- 
ing was  for  doing  away  with  long  stud  bracing,  and  for  assisting  the 
workmen  in  keeping  the  iron  plates  closer  to  the  normal  cross-section. 
The  second  purpose  was  to  act  as  an  explorer.  These  are  virtiially  the 
same  purposes  for  which  it  was  employed  in  the  Brooklyn  sewer  as  de- 
scribed by  Mr.  Beahan.  It  was  at  the  very  first  excavations  made  fori 
the  Hudson  River  Tunnel  that  the  introduction  of  the  "pilot  system'^ 
may  be  considered  as  having  been  made.  But  it  was  not  until  aftefl 
the  work  was  well  under  way  that  the  system  as  described  by  Mr.: 
Beahan  was  fully  develojied. 

A  brief  descrij^tion  of  the  tunnel  work  will  probably  not  be  out  of 
place  here,  although  a  full  account  may  be  found  in  the  paper  of 
Messrs.  Sijielmann  &  Brush,  read  at  the  Twelfth  Annual  Convention 
of  the  Society,  May  25th,  1880.  A  brick  shaft,  30  feet  in  diameter,  was 
sunk  to  a  point  60  feet  below  high  water  on  the  Jersey  shore  of  t. 
Hudson  River.  This  was  refilled  for  a  depth  of  30  feet,  and  at  thi 
elevation  a  horizontal  air  lock  6  feet  in  diameter  was  placed;  the  in  ten' 
tion  l)eiug  to  use  (and,  so  far  as  I  know,  for  the  first  time)  compresses 
air  horizontally.  After  the  air  lock  had  been  placed  in  position,  iro: 
Ijlates  2  feet  6  inches  wide  and  4  feet  long,  were  forced  out  into  th( 
silt  at  the  heading,  so  as  to  form  a  tube  6  feet  in  diameter,  which  wi 
carried  on  for  a  distance  of  12  feet.  This  6-foot  explorer  proved 
valuable  service,  for  the  silt  being  overlaid  with  ashes  and  loose  so; 
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(with  -which  the  land  forming  the  bulkhead  Avas  made)  permitted  the 
air  to  escape  and  a  cave  in  was  the  result.  An  excavation  to  the  depth 
of  about  5  feet  Avas  then  made  on  the  surface  of  the  ground  and  a  sheet 
of  canvas  heavily  weighted  was  i^laced  over  the  heading.  This  was 
a  success,  and  we  were  thus  enabled  to  keep  the  air  jjretty  well  con- 
fined in  the  tube. 

As  each  successive  ring  was  constr^icted  with  the  iron  plates,  the 
diameter  was  gradiaally  increased — always  keeping  the  top  level — imtil 
a  diameter  of  18  feet  was  attained,  and  in  this  way  a  cone  was  gradually 
formed  which  at  the  end  of  40  feet  brought  us  to  the  grade  of  the  bot- 
tom of  the  tunnel,  about  60  feet  below  high  water.  The  excavation 
was  then  continued  with  this  diameter,  keei^ing  the  tunnel  to  its 
proper  grade,  the  brick  lining  16  inches  thick  follo^Wng  up  as  close  as 
practical  to  the  heading.  In  this  manner  the  tunnel  was  carried  on 
for  about  200  feet,  biit  as  it  had  been  found  almost  impossible  to  keep 
the  iron  rings  to  their  true  cross-sectional  form,  even  with  the  combi- 
nation of  compressed  air  and  timber  bracing,  it  was  then  that  the 
pilot  "  idea,  as  described  by  Mr.  Beahan,  suggested  itself.  As  soon  as 
the  "pilot"  was  introduced,  better  Avorkmanship  and  a  truer  cross- 
section  was  obtained,  and  was  continued  successfully  in  use  during 
my  stay  on  the  work. 

W.  R.  HuTTON,  M.  Am.  Soc.  C.  E. — The  shield  when  used  for  tun- 
neling has  a  double  duty  to  i^erform.  It  must  protect  the  face  from 
the  inflow  of  material,  and  it  must  supjjort 
the  perimeter  while  the  lining  is  being  built. 
Brunei's,  the  first  shield,  accomplished  both 
these  jjurposes.  That  of  Barlow,  in  1863,  was 
needed  for  the  second  iJiirj^ose  only,  as  the 
workmen  stood  in  front  of  the  shield  and  ex- 
cavated a  way  for  its  advance.  The  Beach  shield 
was  originally  designed  for  sand,  dividing  up 
ithe  natural  slojie  of  that  in  the  face,  into  several 
I  lower  and  therefore  shorter  slopes  by  horizon- 
jtal  shelves.  Evidently,  therefore,  the  Beach 
jshield  was  not  used  in  the  South  5th  Street 
Tunnel  (in  Brooklyn)  by  Anderson  k  Barr. 
I  The  St.  Clair,  and  the  Greathead  (City  and  South  London)  shields 
have  some  further  imi^rovements,  and  a  shield  designed  by  Sir  Benja- 
min Baker  contains  a  "  comjiressed-air-seal,"  as  it  maybe  called,  be- 
jtween  the  double  diaphragms.  Although  the  material  through  which 
|the  St.  Clair  Tunnel  is  made — a  soft  blue  clay — is  very  difterent  from 
the  silt  in  which  the  Hiidson  Tunnel  lies,  yet  previous  experience  in 
attempts  to  tuunel  the  Detroit  River  (see  Trnnsactioiis  Am.  Soc.  C.  E., 
Vol.  II,  233),  fully  justifies  Sir  Henry  Tyler  and  Mr.  Hobson  in  the  use 
of  a  shield.  They  deserve  great  praise  for  the  skillful  design  and  man- 
;agement  of  it. 
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Altlioiigli  compressed  air  has  been  tisecl  with  the  shield  iu  the  more 
recent  works,  the  latter  is  not  by  any  means  a  "  pneumatic  aj^ijliance. " 
Except  at  special  points,  the  air  pressure  was  used  in  the  St.  Clair  Tun- 
nel, not  to  support  the  face,  but  to  balance  the  pressure  of  the  gas  in 
the  gravel  with  which  the  blue  clay  was  underlaid,  and  which  caused 
the  failure  of  the  i:)revious  attempts  to  tunnel  under  this  river.  The 
original  Beach  shield  was  not  aided  by  air  pressure.  Presumably,  that 
used  in  South  Fifth  Street  was  not,  and  air  was  not  used  normally  in 
the  City  and  South  London  Tunnel.  In  the  Hudson  Timnel  it  is 
probable  that  an  excess  of  material  would  flow  in  through  the  openings 
in  the  shield  if  air  were  not  used,  but  no  attempt  was  made  to  dispense 
with  it,  because  the  men — the  older  ones,  trained  under  the  Haskin 
system — thought  the  safety  of  the  work  and  of  themselves  depended 
on  a  good  pressure  of  air.  If,  as  the  author  states,  the  shield  is  not 
indispensable  in  tunneling  through  the  Hudson  Eiver  silt,  it  would  be 
interesting  to  know  what  method  he  wotild  substitute.  A  return  to 
the  "pilot  system  "  would  be  not  only  unwise,  but  criminal. 

WiLLAED  Beahan,  M.  Am.  Soc.  C.  E.^ — In  reply,  I  will  first  answer  the 
remarks  made  by  Mr.  Sears.  As  to  the  items  of  cost,  I  have  given  the 
progress  each  month  from  each  heading,  but  have  not  given  the  num- 
ber of  days'  work  it  would  take  to  do  it.  Contractors  do  not  usually 
give  fuller  information. 

As  for  the  assumption  that  one  inch  an  hour  reaches  the  sewer  in  a> 
4-inch  rainfall,  I  cannot  give  the  data  to-night  on  which  it  was  based  ; 
it  was,  of  course,  after  a  series  of  experiments.  That  was  given  me  by 
Mr.  Van  Buren  as  what  they  had  found  through  a  long  term  of  years, 
something  like  thirty-five,  that  4  inches  was  the  maximum  rainfall.  I 
should  suppose  Mr.  Sears  assumes  that  one-half  of  that  rainfall  goes  off 
every  hour.  This  sewer  does  not  take  all  of  the  storm  water  of  that 
portion  of  Brooklyn  that  it  relieves.  If  you  will  look  at  the  plan  of 
the  manhole  you  will  find  that  considerable  of  the  outflow  of  the  older 
portion  is  still  overflow  of  storm  water.  As  to  the  cost  of  timber,  it  is 
variable  according  to  the  time  and  jilace  where  it  is  purchased. 

The  question  has  been  asked  whether  there  was  any  difficulty  in 
keeping  the  poling  boards  close  together.  There  was  none.  The  diffi- 
culty with  an  iron  poling  board  is  that  it  is  inclined  to  drop  down  on 
the  side  ;  in  the  roof  they  are  quite  as  apt  to  drop  down  as  to  drop 
aAvay  from  each  other.  The  reason  why  I  think  they  succeeded  in  this 
case,  and  yet  have  failed  when  used  elsewhere,  is  that  we  have  a  smaller 
poling  board,  and  it  can  be  moved  back  to  place.  Boards  4  or  5  feet 
long  have  been  used,  but  cannot  be  kept  in  place;  they  get  out  of  jiosi- 
tion  and  drop  down.  At  Baltimore  they  tried  such  poling  boards  and 
pronounced  them  failures,  but  the  small  ones  used  in  Brooklyn  were 
certainly  a  success. 

Mr.  Hutton,  in  his  discussion,  says,  "to  return  to  the  pilot  system.- 
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in  the  Hudson  River  Tnnnel  Avonld  be  criminal."  Were  any  men  killed 
in  the  Hudson  Eiver  Tunnel  when  the  pilot  was  used  ?  Mr.  Moier  has 
stated  to  me  that  had  they  any  men  on  the  work  now  who  were  fa- 
miliar with  the  pilot  system  they  could  get  along  all  right  without  a. 
shiehl.  Still,  I  think  it  is  proper  to  use  a  shield  for  the  Hudson  River 
Tunnel.  The  pilot  was  invented  there  for  that  form  of  material  ;  still, 
I  think  if  I  was  tunneling  out  iinder  the  Hudson  River,  with  the  pos- 
sibility of  coming  out  to  clear  water,  I  certainly  should  want  a  shield. 
Sir  Benjamin  Baker  claimed  for  the  water  space  between  his  two 
shields  that  it  Avas  perfectly  i^racticable  to  tunnel  throixgh  clear  water 
with  his  system,  but  Mr.  Moier  assiired  me  that  when  Sir  Benjamin 
attemiited  to  do  so  lie  Avould  rather  be  on  the  top  of  the  river  in  a  boat. 

The  question  is  also  asked  whether  much  material  slipi^ed  into  the 
tunnel  from  above  the  top  of  the  arch.  There  was  some  such  slipping, 
as  could  be  seen  by  the  depression  of  the  streets.  Through  the  heavy 
cut  between  Shafts  4  and  5,  we  lost  none  that  we  know  of  ;  the  amount 
depends  on  the  material  passed  through.  If  the  material  will  stand  a 
half  a  minute,  there  will  be  but  little  material  lost,  but  if  there  are 
boulders  above  the  arch  (and  I  have  seen  them  so  thick  that  nothing 
else  could  be  seen),  then  the  water  would  come  in  with  the  sand  and 
keep  carrying  it  down  all  the  time.  We  could  not  protect  ourselves 
when  we  had  boulders  with  water,  and  naturally  we  would  lose  much 
material.  This,  it  may  be  noticed,  is  not  a  machine  method,  but  a, 
method  of  manual  labor,  and  the  kind  of  men  and  the  kind  of  foremen 
employed  make  a  great  deal  of  diti'erence  in  the  result. 

No  water  pipes  were  broken  from  the  settlement  of  the  earth,  but 
there  were  some  sewer  pijaes  broken  ;  these  Avere  laid  badly  and  dipjaed 
up  and  down  and  settled  in  various  Avays,  and  they  were  leaking  before 
we  got  to  them. 

As  to  the  nationality  of  the  laborers  Avhich  has  been  enquired  about, 
we  had  more  SAvedes  than  anything  else  among  the  heading  men,  be- 
cause the  Scandinavians  Avho  come  here  are  mostly  sailors  and  of  a  more 
mechanical  turn  of  mind  than  other  laborers,  and  can  be  broken  in 
better.  The  next  nationality  Avas  Ii'ish,  some  of  them  were  the  best 
sort  of  men,  but  they  have  the  common  failing  of  all  Irishmen  after  pay 
dav. 
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DISCUSSION  ON   PAPER  No.  511  ON  THE  BRAZOS 
RIVER  HARBOR  IMPROVEMENT. 


By  WHiLiAM  P.  Ckaightlij,  M.  Am.  Soc.  C.  E. ,  and 
E.  L.  CoBTHEiiL,  M.  Am.  Soc.  C  E. 


William  P.  Ckaighill,  M.  Am.  Soc.  C.  E. — In  the  interesting  dis- 
cussion of  Mr.  Wisner's  paper  on  the  Brazos  River  Harbor  Improve- 
ment, I  find  Mr.  LeBaron  has  fallen  into  an  error,  on  page  554,  in  saying 
that  certain  mattresses  there  described  were  designed  by  General 
Gillmore.  They  had  their  origin  on  the  Cape  Fear  River  in  the  fol- 
lowing way:  We  were  trying  to  do  what  my  predecessors  had  been 
working  at  occasionally  for  nearly  a  century,  viz.,  to  close  the  New 
Inlet,  a  mouth  of  the  Cape  Fear  which  had  been  open  about  a  hundred 
years,  to  the  great  detriment  of  the  original  and  jjrojjcr  mouth  at  the 
Baldhead.  In  that  century  it  had  become  nearly  as  good  a  channel  as 
the  old  one.  It  was  a  mile  wide  and  (j[uite  deep,  and  there  were  the 
tides  and  waves  of  the  ocean  to  contend  with,  as  well  as  the  currents 
of  the  river. 
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It  was  decided  to  effect  the  closure  by  diimiiing  stoue  and  thus 
forming  a  dam.  As  iisual  in  Government  operations  of  this  kind,  it 
■was  necessary  to  work  with  limited  means  and  as  economically  as  pos- 
sible. It  was  thought  necessary  "to  lay  mattresses  of  some  kind  for 
the  dumi^ed  stone  to  fall  upon.  There  were  no  facilities  for  speedily 
constructing  the  i-egular  mattress  which  had  been  so  extensively  used 
on  the  Mississippi  River  and  elsewhere  in  this  and  other  countries. 
North  Carolina,  as  is  known,  abounds  in  j^ine,  and  of  this  wood  there 
was  a  heavy  growth  ou  the  banks  of  the  creeks  emi^tyiug  into  the  Cape 
Fear  near  the  New  Inlet.  The  idea  occurred  to  me  to  make  rafts  of 
these  pine  logs,  by  cutting  them  on  the  banks  of  the  secondary 
streams,  and  rolling  them  into  the  water.  Upon  these  rafts  brush  from 
the  tops  and  branches  of  the  trees  was  placed  so  that  each  raft  carried 
a  full  load  and  had  its  top  jiist  level  with  the  water.  They  were 
towed  into  position  and  sunk  by  dumping  stone  on  them.  The  idea 
was  adopted  by  one  of  the  bidders  and  his  bid  was  founded  upon  it. 

Later,  he  became  a  contractor  on  the  jetties  at  Charleston  and  the 
same  kind  of  mattress  was  used  there  under  the  direction  of  General 
Gillmore.  It  is  cheap  and  answers  in  some  respects  quite  well,  but  it 
has,  however,  defects.  It  is  rather  too  rigid  except  for  very  soft 
material.  Sometimes,  unless  the  mattress  be  entii-ely  sunk  in  the 
material  at  the  bottom,  there  is  a  hurtful  escape  of  water  through  the 
raft  between  the  bottom  logs,  producing  scour  where  not  wanted. 
Sometimes,  in  a  heavy  sea,  such  as  frequently  prevails  on  the  bar  at 
Charleston,  a  raft  is  not  sunk  flat  or  becomes'  partly  broken,  and 
detached  logs  rise  to  or  near  the  surface  like  snags  or  sawyers  and 
become  dangerous  to  jjassing  vessels. 

This  improvement  was  quite  a  successful  one.  An  interesting  ac- 
count of  it  may  be  found  in  the  Annual  Report  of  the  Chief  of  Engi- 
neers of  the  Army  for  1886,  pages  1004-11.  "When  the  new  inlet  was 
closed,  the  old  mouth,  six  miles  distant,  increased  in  depth  from  9  to 
15  feet  at  low  water. 

A  curious  piece  of  the  history  of  this  form  of  mattress  is,  that  the 
contractor  referred  to  had  the  brass  to  take  out  a  patent  on  it,  and 
demanded  damages  for  the  use  of  his  patent.  My  impression  is  he 
never  received  anything  from  General  Gillmore,  and  I  am  quite  sure  he 
never  did  from  me. 

This  economical  operation  in  the  line  of  producing  a  cheaj)  mat- 
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tress,  reminds  me  of  another  i^racticed  years  before  on  the  Susque- 
hanna Kiver,  near  Havre-de-Grace,  where  are  now  the  fine  bridges  of 
the  Pennsylvania  and  Baltimore  and  Ohio  Railroads.  In  order  to  main- 
tain the  navigation  of  the  main  channel  to  Havre-de-Grace,  it  was 
necessary  to  close  a  secondary  channel.  There  was  but  little  money 
available.  It  occurred  to  me  to  utilize  the  products  of  that  country 
also,  as  was  later  done  on  the  Cape  Fear.  An  old  canal  enters  the 
Susquehanna  a  little  distance  above  Havre-de-Grace.  In  that  vicinity 
were  a  number  of  old  canal  boats  of  little  value,  that  could  be  pur- 
chased for  little  money.  A  number  of  them  were  bought  and  towed  to 
the  quarries  of  Port  Deposit,  which  is  quite  near.  They  were  cheaply 
loaded  with  as  much  stone  (quarry  groat)  as  they  would  carry.  They 
were  then  towed  into  position  and,  by  the  addition  of  a  little  more  stone 
carried  on  auxiliary  scows,  were  simk  in  one  or  more  tiers.  The  oper- 
ation was  very  cheap  and  the  result  very  good. 

In  this  same  vicinity  there  was  a  question  of  improving  the  wide 
stretch  of  the  Susquehanna  below  Havre-de-Grace,  by  regulating 
works,  although  the  fishermen  objected  very  much  to  anything  of  that 
kind  that  would  interfere  with  nets.  A  movable  deflector  or  train- 
ing wall  was  built  with  the  view  of  determining  the  best  position  for 
a  permanent  one  when  more  money  should  be  available.  The  experi- 
ment gave  valuable  information,  and  the  materials  of  the  movable 
training  wall  were  later  used  in  a  fixed  one. 

We  are  now  wrestling  with  the  problem  of  preventing  the  ice  gorges 
which  occasionally  form  at  and  near  Havre-de-Grace  on  this  same  river 
— Susquehanna — of  which  very  disagreeable  effects  are  felt  at  Port 
Dejiosit,  several  miles  above. 

E.  L.  CoKTHEiiii,  M.  Am.  Soc.  C.  E.— Under  date  of  June  7th,  1892, 
Mr.  Corthell  writes:  "I  have  recently  examined  the  Brazos  River 
jetties,  and  although  incomplete  and  the  last  2  000  feet  under  water 
from  3  to  6  feet,  there  is  now  a  channel  20  to  25  feet  deep  entirely  to 
the  end  of  the  jetties,  with  only  one  sounding  of  18  J  "feet,  with  19  feet 
each  side  and  25  feet  Avithin  400  feet  of  the  ends  of  the  jetties. 
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BRIDGING  CANONS  LENGTHWISE. 


By  HowAED  V.  Hinckley,  M.  Am.  Soc.  C.  E. 


It  is  not  my  i^urpose  to  present  a  treatise  on  how  to  bridge  canons 
lengthwise,  but  simply  to  show  the  peculiar  features  of  bridges  that 
have  been  used  in  two  instances  in  the  solution  of  this  problem. 

Case  1  is  in  the  Apache  Cauon  of  the  Kio  Galisteo,  on  the  main  line 
of  the  New  Mexico  and  Southern  Pacific  Railroad  (Santa  Fe  route), 
just  east  of  Lamy,  in  Santa  Fe  County,  New  Mexico,  This  point  is  at 
mile  832  west  of  Atchison  and  1  307  west  of  Chicago. 

Fig.  1  is  a  map  of  alignment  and  river  crossings. 

Fig.  2  is  a  profile  of  river  crossings. 

Fig.  3  is  a  plan  of  the  bridge. 

Fig.  4  is  a  crOss-section  of  the  canon  showing  center  support  of 
bridge. 

The  ends  of  the  bridge  rest  on  abutments  on  ojjposite  sides  of  the 
cauon.  The  center  line  of  the  track  is  on  a  ten-degree  curve,  and  is  lij 
inches  off  the  center  line  of  the  plate  girder  bridge  at  the  center  and 
at  both  ends  of  the  sj^an. 

Case  2  is  in  the  Royal  Gorge  (of  the  Grand  Caiion)  of  the  Arkansas 
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River,  2  miles  west  of  Canon  City,  in  Fremont  County,  Colo.,  at 
mile  1  135  west  of  Chicago.  This  bridge  is  popularly  known  as  the 
hanging  bridge. 


Fig.  1. 


Fig.  3. 
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Fig.  5  is  a  cross-section  of  the  canon  sho^n^ng  the  east  "arch," 
looking  westward. 

Fig.  6  is  a  photograph  of  the  bridge  looking  eastward. 

Possibly  some  of  the  members  who  were  in  the  excursion  party  fol- 
lowing the  Denver  Convention  of  1886,  ■will  remember  that  they  rose 


^  27p 

Fiu.  2. 

to  their  feet  and  waved  their  hats  enthusiastically  at  this  point.  This 
railroad  was  built  during  the  caiion  war  by  the  Santa  Fe,  but  is  now 
oj)erated  by  the  Rio  Grande. 

Fig.  6  shows  the  girders  at  the  west  end  resting  on  an  abutment; 
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the  crevice  or  side  canon  entering  the  gorge  from  the  north  immediately 
east  of  the  west  end  of  the  bridge;  the  termination  of  the  north  girder 
after  crossing  the  side  caiion  ;  the  arches  that  siipjiort  the  south  ends 
of  the  floor  beams,  of  which  the  north  ends  rest  upon  the  granite  wall  of 
the  caiion;  and  the  telegraph  "  poles  "  above  the  arches  on  the  left. 


Plate  LII  is  a  plan  uiul  elevation  of  the  bridge  and  its  braces,  and 
Fig.  7  shows  how  the  bridge  is  hnng. 

Figs.  5  and  6  will  give  the  reader  some  idea  of  the  difficulty  with 
which  a  transit  line  was  first  secured  through  the  Grand  Cafion.     Men 
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"were  lowered  by  ropes ;  mules,  burros,  cook  stoves  and  transits  all 
found  tlie  walls  of  tlie  canon  too  steej)  for  tliem,  and  they  went  down 
stream. 

The  prominent  features  of  these  two  bridges  (which  were  built 
under  the  direction  of  A.  A.  Robinson,  chief  engineer)  the  writer  has 
given,  with  the  hojje  that  some  of  our  members  may  have  some  "  oddi- 
ties "  to  add  to  the  collection. 
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THE    PHILADELPHIA    TUNNEL   OF   THE    BALTI- 
MORE AND   OHIO  RAILROAD,    ITS   CON- 
STRUCTION   AND    COST. 


Bv  W.  W.  Thatek,  Assoc.  M.  Am.  Soc.  C.  E. 


In  November,  1885,  the  work  was  started  of  constructing  the  connec- 
tion of  the  Baltimore  and  Ohio  system  with  that  of  the  Philadelphia 
and  Reading.  By  this  connection  the  Baltimore  and  Ohio  Railroad 
Company  estaldished  for  itself  a  sonth-bonud  leader  from  the  coal 
fields  of  Schuylkill,  Carbon,  Northumberland,  Luzerne  and  other  coal 
counties  of  Pennsylvania  to  the  southern  market,  and  opened  for 
itself  a  through-line  from  the  West  to  the  North  and  East. 

The  tunnel  problem  was  this:  With  an  exceedingly  low  limit  of 
head  room,  made  necessary  by  the  low  elevation  of  the  city  grade  of 
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the  street  system,  and  witli  a  view  to  the  retention  of  such  gi'ades  as 
well  as  the  care  of  the  city  reservoir,  water  supply  and  sewerage  sys- 
tem, to  rise  from  an  elevation  of  11.0  to  that  of  the  Philadelphia  and 
Beading  tracks  (±  54.0)  in  a  distance  of  4  155  feet;  and  at  the  same 
time  adopt  a  gradient  which  would  have  a  sufficiently  low  limit  of 
tractive  force  to  be  in  keeping  with  the  8-degree  curve  required 
by  the  alignment.  The  character  of  the  soil  was,  for  the  most  part, 
of  a  shelving,  seamy  rock,  hardening,  at  a  depth  of  10  or  12  feet,  to  a 
quartz,  shelving  transversely  to  the  cut,  and  varying  in  firmness  ac- 
cording to  the  location  of  its  seam  below  the  surface,  at  one  point 
cropping  out  at  the  surface  and  again  disappearing  entirely  and  being 
replaced  by  soft  clay. 

By  reference  to  the  partial  sketch  plan,  Plate  LIII,  it  will  be  seen  that 
the  alignment  was  as  follows: 

An  8-degree  curve  led  up  to  the  tunnel  portal,  joining  there  to  a 
tangent  987  feet  long;  this  ran  to  an  8-degree  curve  to  the  left  with  a 
length  of  698  feet,  and  was  followed  by  a  tangent  of  2  325  feet,  to 
where  a  comiioiind  curve  of  300  or  400  feet  connected  it  with  the 
Philadelphia  and  Reading  Railroad  tracks. 

The  section  of  the  tunnel  was  varied  according  to  circumstances. 
Where  sufficient  head  room  was  available,  the  brick  arch  was  used  ;  but 
where  the  head  room  was  insufficient  to  allow  this,  the  girder-top  tun- 
nel was  adopted.  The  original  section  of  the  tunnel  arch,  as  approved 
and  intended  to  be  used,  was  a  15-foot  half  circle  of  brick,  supjiorted 
on  a  bench  wall  with  its  springing  line  7  feet  8 J  inches  above  sub- 
grade;  but  where  the  rock  showed  good  and  full,  a  two-thirds  circle  of 
brick  springing  from  a  skew-back  was  used,  the  inside  edge  of  which 
was  li%%-  above  sub-grade.  By  this  two-thirds  circle  section,  2|  feet  of 
rock  excavation  was  saved  on  the  back,  at  a  height  of  7.71  above  sub- 
grade,  and  all  intervening  spaces  were  filled  in  with  solidly  rammed 
concrete  or  masonry.  (See  section  of  brick  arch.)  The  brick  ring 
throughout  was  composed  of  six  bricks,  which,  with  their  joints,  made 
a  thickness  of  ring  of  2ro  feet.  The  bench  walls  were  without  coping 
and  were,  by  plan,  to  be  carried  up  5  feet  thick  and  straight;  but 
this,  too,  was  varied  according  to  the  character  of  the  rock  backing,  in 
some  cases  all  the  interstices  being  made  solid  with  masonry.  From 
the  top  of  the  bench  wall  the  hauuching  was  carried  up  to  a  height  of 
6iV  feet  below  the  elevation  of  top  of  the  extrados  of  the  arch  at  the 
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center,  and  the  space  between  this  and  the  cutting  was  in  most  cases 
filled  compactly  with  diy  masonry. 

Centers  were  struck  not  less  than  a  week  after  the  keying  of  arches, 
and  accurate  levels  taken  to  show  the  depression,  if  any,  of  the  crown. 
This  depression  or  settling  of  the  crown  was  found  to  average  between 
three-fourths  and  one-eighth  of  an  inch,  except  in  one  instance,  Avhere 
the  centers  were  drawn  before  the  haunching  had  been  carried  up  to  a 
sufficient  height  to  prevent  buckling.  In  this  case  the  crown  settled 
2i  inches.  Here,  the  centers  were  replaced  and  tightly  wedged,  the 
arch  uukeyed  and  the  haunching  finished.  Observations  showed  the 
arch  lifted  to  its  correct  position  and  only  one-quarter-inch  depression 
at  the  end  of  three  weeks. 

Where  the  girder-top  tunnel  was  used,  the  walls  varied  from  6  to 
11  feet  in  thickness  at  the  bottom,  according  to  their  height,  and  had  a 
batter  of  one-half  inch  to  the  foot  on  the  face.  In  most  cases  where  rock 
was  found,  the  walls  were  filled  out  solid  on  the  back  to  the  rock  cutting, 
letting  original  plan  sections  go,  and  making  final  measurements  as 
the  work  progi-essed.  The  girder  ixsed  on  the  iron-toiJ  tunnel  was  a 
single-web  gii-der  2  feet  high  on  the  center  and  1^  feet  at  the  ends,  Avith 
3-inch  top  and  bottom  angle  iron  braces,  with  3-inch  stifieners,  giving 
a  bearing  on  top  for  iron  buckle  plates  -fjj-  of  an  inch  thick  and 
2  feet  square.  Girders  were  laid  3  feet  2  inches  from  center  to  center, 
to  which  the  jjlates  w^ere  riveted,  and  angles  were  run  over  all  joints  and 
riveted  to  both  girder  and  plates.  On  the  top  of  these  plates  4  inches 
of  sheet  asphaltum  was  laid,  forming  the  bed  for  the  block  paving  com- 
posing the  finished  street,  a  crown  of  -f^  of  a  foot  being  given  for  the 
sub-gi-ade  of  the  street. 

An  idea  of  the  arrangement  of  the  grades  in  the  tunnel  proper  can 
be  best  understood  by  a  glance  at  the  annexed  sketch  profile.  In  the 
tunnel  proper  and  open  way  were  six  changes  of  grade  and  two  vertical 
curves,  and  all  masonry  was  constructed  on  the  true  alignment,  that  is 
to  say,  vertical  curves  were  carried  through  all  walls,  inverts  and 
skew-backs  in  exact  conformity  with,  and  parallel  to,  the  sub-gi-ade. 

From  the  south  portal  the  iron  covered  way  ran  345  feet;  here  the 
arch  began,  which  ran  1  700  feet  with  frequent  changes  of  section  as 
before  described,  when,  through  lack  of  head  room,  the  iron  covered 
way  was  again  adopted  for  a  length  of  250  feet.  The  remaining  dis- 
tance, 1  860  feet,  was  built  as  a  walled  cut  or  open  tunnel  until  the 
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elevation  of  the  Keading  tracks  was  readied  and  the  retaining  -vvalla 
ran  themselves  out  on  grade. 

Length  of  south  covered  way 345.3 

Length  of  brick  arch 1  700.0 

Length  of  north  covered  way 250. 

Length  of  covered  way 2  295. 3,  tunnel  i^roper. 

Length  of  ojien  tunnel 1  860. 

4155.3  feet. 

The  opening  of  such  a  trench  in  the  heart  of  a  large  city,  entailed 
the  necessity  of  the  care  and  maintenance  of  the  water  and  gas  supply 
and  the  sewerage  system.  A  large  40-inch  water  supply  main  leading 
from  the  reservoir,  was  supplanted  by  extra  i)ipes  hung  by  girders 
across  the  cut  until  the  making  firm  of  the  existing  one  was  comjileted. 
Sewers  were  broken  into  and  their  contents  conducted  through  trenches 
in  the  cut,  pending  the  construction  of  new  ones. 

The  writer  submits  the  following  final  estimate  of  the  completed 
work: 

Cubic  yards. 

Earth  and  rock  excavation 205  833.2 

Filling  back  of  spandrels 66  278.4 

Eock  filling 251.0 

Dry  wall 281.4 

Bridge  masonry,  1st  class 100. 2 

"              "         2d       "   5  455. 

Brick  work 6  678.7 

Coping 647.1 

Concrete 156.0 

Rip-rap 142.0 

Bubble  masonry 30  015.4 

Ballast  laid 5  748.5 

Total  cost $429  564.77 

Iron  fence  along  coping  of  open  tunnel 5  330.38 

Re-throwing  and  laying  Philadelphia  and    Reading 

tracks 4  867.85 

$439  763.  Oa 
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This  total  of  nearly  ^440  000  is  tlie  cost  of  the  completed  tunnel 
exclusive  of  cement,  ties,  rails,  plumbing,  sewer  connection  and  iron- 
work of  the  covered  way.  The  cement,  which  Avas  the  Improved 
Union  brand,  was  supplied  by  the  railroad  company  after  careful  tests, 
and  under  its  inspectors  was  not  stinted.  The  writer  has  endeavored 
to  give  above  the  accurate  cost  of  this  work  irrespective  of  the 
attendant  expenses  incurred  for  damages  by  awards  to  properties,  by 
loss  of  life  or  limb,  or  those  exjjeuses  necessarily  incurred  in  complying 
with  city  ordinances  or  records,  and  in  the  widening  of  streets  and 
changes  of  grades  consequent  upon  the  undertaking. 

The  deaths  during  the  work,  as  far  as  learned,  were  five,  two  of 
which  were  of  spectators  whose  extreme  carelessness  was  alone  the 
cause  of  their  deaths.  Three  employees  Avere  killed  by  falling  derricks 
and  slides  of  embankments. 

Within  one  year  from  the  starting  of  the  work  the  rails  were  laid 
in  the  tunnel.  During  construction  the  work  was  pushed  day  and 
night,  and  in  one  instance  the  walls  were  put  in  before  the  center 
excavation  was  started,  by  trenching  to  the  widths  of  the  walls,  filling 
the  holes  with  masonry  and  dressing  the  front  face.  The  blasting  was 
at  the  same  time  carefully  carried  on  without  any  detriment  to  the 
walls  or  their  foundations. 

Five  years  after  construction,  trouble  was  experienced  by  the  gases 
of  locomotives  eating  through  the  web  of  the  ii-on  girders,  and  greatly 
weakening  the  structure;  but  this  has  been  corrected  by  throwing 
flat  arches  in  between  the  girders,  which  completely  protects  the  iron 
from  rust  and  the  detrimental  influences  of  locomotive  gases. 

Cost  pek  foot    of    Tunnel   ONE-HAiiF   Cikcle-Section  with  Bench- 

WaiiLs. 

Two  bench-walls S23.60 

Brick  ring 32 .  40 

Haunching 21 .  20 

Parging 1 .  52 

Foundations 2 .  25 

Cost  of  masonry 880 .  97 

Excavation,  30  feet  deep 39 .  73 

Top  filling 80 

Total  cost  of  tunnel  complete  (1  lin.  foot  long) .  §121 .  50 
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Cost  of  Two-thikd  Section  pek  Lineae  Foot. 

Brick  ring Ml. 76 

Backing 7.05 

Foundations 2 .  25 

Parging 1  52 

Hanncliing 21 .20 

Skew-backs 5 .  50 

Total  cost  of  masonry $79.28 

Excavation,  30  feet  deejj 35 .  92 

Top  filling 80 

Cost  per  foot  of  two-third  section $116 .00 
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ADDEESS    AT    THE    ANNUAL     CONVENTION     AT 

HYGEIA  HOTEL,  FORTRESS  MONROE,  VA., 

JUNE   8th,  1892. 


By  Mendes  Cohen,  President,  Am.  Soc.  C.  E. 


A  jirovision  of  tlie  Constitution  of  the  Society  requires  tliat  tlie 
President  sliall  deliver  an  address  at  the  Annual  Convention,  and,  in 
compliance  therewith,  I  have  the  honor  to  apjiear  before  you  this 
evening.  As  I  have  not  been  of  late  years  actively  engaged  in  the 
practice  of  our  profession,  and  am,  for  that  reason,  unable  to  give 
from  personal  experience  notes  of  recent  works  and  improvements 
marking  the  strides  of  current  progress  in  the  science  of  engineering, 
it  has  been  suggested  to  me  that  you  would  be  interested  in  a  histor- 
ical n**ration  of  some  of  the  events  and  problems  of  a  much  earlier 
period,  and  the  manner  of  meeting  them  in  the  construction,  develop- 
ment and  operation  of  the  Baltimore  and  Ohio  Railroad.  It  must  not 
be  understood  from  my  assuming  to  act  upon  this  suggestion,  that  I 
"Was  one  of  those  upon  whom  these  early  duties  and  responsibilities 
devolved.     I  was  not  born  until  some  years   after  the   4th  of  July, 
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1828,  when  the  venerable  Charles  Carroll,  of  Carrollton,  then  the  only 
survivor  of  those  who  signed,  in  1776,  the  charter  of  our  liberties, 
turned  the  first  sod  and  laid  the  first  stone  of  the  Baltimore  and  Ohio 
Kailroad.  But  many  of  the  original  actors  and  participants  in  these 
events  were  still  upon  the  stage  when,  as  a  youth,  I  entered  the  loco- 
motive shojis  of  the  late  Ross  Winans,  with  a  view  to  preiDaration  for 
the  profession  of  a  civil  engineer. 

Mr.  Winans,  a  native  of  New  Jersey,  was  himself  a  most  j^rolific 
inventor,  and  had  produced,  previous  to  1829,  an  imjjroved  journal  and 
box  which  he  thought  suited  to  railroad  use,  and  which  he  went  to  Eng- 
land to  test  on  the  Liverpool  and  Manchester  Railroad,  then  under  con- 
struction. He  was  there  jjresent  when  the  celebrated  trial  of  loco- 
motives took  place  in  1829,  and  the  opportunity  thus  aftbrded  him  for 
a  study  of  the  locomotive  was  not  lost,  and  Avas  subsequently  of  miich 
value  both  to  himself  and  the  railroad  company.  His  journal  and 
box  were  adojited  on  the  Baltimore  and  Ohio  Railroad,  and  he,  taking 
up  his  permanent  residence  in  Baltimore,  had  been  continuously  there- 
after engaged  in  designing  and  constructing  cars  and  locomotives, 
adapted  to  use  on  the  railroad. 

In  and  about  the  establishment  of  Mr.  "Winans  and  the  railroad 
works  adjoining  were  many  of  the  men  who  had  been  emijloyed  at  the 
very  commencement  of  the  undertaking,  the  actual  i^articipants  in 
which  have  now  nearly  all  passed  away.  These  men  I  used  to  meet 
constantly,  and  entering  myself  into  the  service  of  the  railroad  com- 
pany a  few  years  later,  while  many  of  the  original  featiires  of  the  work 
were  still  in  existence,  I  had  opportunities  of  acquiring  facts  and  of 
observing  details  not  so  readily  gathered  or  noted  to-day.  Being  in 
this  sense  only  a  survivor  of  that  early  period,  I  venture  to  bespeak 
your  interest  and  attention  to  some  of  the  more  prominent  details  of 
the  work  in  which  there  was  much  originality.  Many  of  these  facts 
are  known  to  some  of  you,  many  of  them  are  here  gathered  from  the 
original  reports  and  other  records  of  the  time,  some  from  a  history  of 
the  railroad  jirepared  in  1853  by  the  late  William  Prescott  Smith,  and 
others  from  the  personal  reminiscences  of  survivors,  but  I  am  net 
aware  that  they  have  ever  before  been  brought  together. 

In  1825  Baltimore  was  a  city  of  about  seventy  thousand  inhabit- 
ants. Its. people  were  enterprising,  and  had  developed  with  the  country 
beyond  the  Alleghanies  a  large  trade,  transported  in  wagons  over  good 
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turnpike  i-oads,  while  the  foreign  commerce  of  the  port  conducted  in 
its  home-built,  fast  sailing  vessels,  known  everywhere  as  "Baltimore 
Clippers,"  extended  to  all  parts  of  the  world.  Its  geographical  posi- 
tion, giving  it  a  saving  of  from  100  to  200  miles  in  distance  to  the 
Ohio  River  at  Wheeling  over  that  from  Philadelphia  or  New  York 
to  the  same  river  at  Pittsburgh,  was  sufficient,  when  land  trans- 
portation was  efiected  only  by  horse  and  wagon,  to  give  it  an 
enormous  advantage.  Philadelphia  and  New  York  were  making 
strenuous  efforts  to  retain  their  trade,  and  to  this  end  were  pressing 
forward  their  respective  lines  of  canal,  the  future  possibilities  of  which, 
aided  by  steam  navigation  then  rapidly  developing,  no  imagination 
would  limit. 

Baltimore  had  not  failed  to  realize  early  that  action  was  necessary. 
It  was  believed  that  the  valleys  of  the  Potomac  and  Youghiogheny 
rivers  would  aiford  a  route  for  a  canal  quite  as  advantageous  as  any  to 
the  north  of  it.  "Washington,  himself,  had  taken  much  interest  in  such 
a  project,  and  had  i^resided  in  December,  1784,  at  a  meeting  in 
Alexandria,  at  which  the  Potomac  Comijany  was  formed  for  improving 
the  navigation  of  that  river.  In  1824,  a  charter  for  the  Chesapeake 
and  Ohio  canal  was  granted  by  Virginia  and  Maryland.  Into  this 
corporation  was  merged  the  Potomac  Company,  which  had  thus  far 
only  accomplished  the  opening  of  a  partial  slack  water  navigation. 
Preliminary  surveys  for  the  canal  had  been  made  and  some  definitive 
location  effected,  when  the  hopes  of  Baltimore  as  to  its  commercial 
success  were  completely  upset  by  the  rejsort  of  General  Bernard,  of  the 
Board  of  Engineers  on  Internal  Imjjrovements,  who  in  1826  showed 
not  only  the  very  great  cost  of  the  work,  but  that  the  scarcity  of  water 
on  the  Alleghanies  at  the  high  elevation  over  which  the  canal  must 
pass,  made  its  successful  accomjjlishment  very  problematical;  besides, 
its  proposed  eastern  terminiis  was  Georgetown  on  the  Potomac,  and  to 
reach  Baltimore  from  that  i^oint  would  involve  an  additional  cross-cut 
canal  some  50  miles  in  length. 

The  opening  of  the  Erie  Canal  in  1825  aroused  the  merchants  of 
Baltimore  to  a  full  sense  of  impending  decadence,  and  discussions 
of  the  subject  were  constant  between  the  more  thoughtful  of  their 
number.  If  the  jirojected  canal  was  out  of  the  question,  what  were 
they  to  do?  Competition  by  the  best  of  turnjHke  roads  was  hopeless! 
At  this  time  attention  was  being  dii'ected  in  England  to  the  possibilities 
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of  railroads  for  general  transportation  purposes.  Numerous  short  lines 
were  already  in  existence  there,  and  a  very  few  had  been  laid  even  in 
this  country,  but  so  far  they  were  designed  chiefly,  if  not  altogether, 
for  the  2)nrpose  of  mo\dng  mineral  products  from  mines  or  quarries  to 
a  convenient  jjoint  where  water  transportation  would  be  available,  and 
were,  in  fact,  what  we  would  term  to-day  mere  tramways,  and  only 
operated  reliably  by  horses.  Might  not  this  new  system  be  made  avail- 
able on  a  larger  and  much  more  extended  scale  for  connecting  Baltimore 
with  the  western  waters?  So  thought  Philip  E.  Thomas  and  George 
Brown,  two  of  these  Baltimore  merchants.  Having  facilities  for  obtain- 
ing information  from  England  in  regard  to  what  had  been  done  there, 
these  gentlemen  took  pains  to  prociare  all  that  was  available  from  that 
source,  and  with  it  in  hand  they  invited  a  few  of  Baltimore's  most  in- 
fluential citizens  to  meet  them  for  the  purpose,  as  their  call  stated, 
"To  take  into  consideration  the  best  means  of  restoring  to  the  City  of 
Baltimore  that  portion  of  the  western  trade  which  has  been  lately 
diverted  from  it  by  the  introduction  of  steam  navigation  and  by  other 
causes." 

This  meeting  was  held  at  the  residence  of  Mr.  Brown  on  the  12th 
of  February,  1827.  It  was  well  attended.  After  hearing  read  and  dis- 
cussing the  various  documents  and  statements  illustrating  the  efficiency 
of  railroads  for  the  conveying  of  articles  of  heavy  carriage  at  a  small 
expense,  and  the  superior  advantage  of  this  mode  of  transportation 
over  turnpike  roads  or  canals,  a  committee  was  appointed  to  consider 
the  subject,  and  was  directed  to  report  to  an  adjourned  meeting  one 
week  later.  At  this  adjourned  meeting  it  was  determined  to  apply  to 
the  Legislature,  then  in  session,  for  a  charter  for  the  Baltimore  and 
Ohio  Railroad.  This  was  obtained  in  the  following  month  in  such  a 
comjarehensive  form  that  it  remains  to  this  day  a  monument  to  the 
forethought  of  those  who  jjrepared  it.  This  was  the  commencement 
of  the  Baltimore  and  Ohio  Railroad  Company,  the  first  railroad  enter- 
prise undertaken  for  general  commercial  iJuri)oses  certainly  in  the 
United  States,  and  far  exceeding  in  magnitude  anything  then  being 
jiromoted  in  England. 

Organizing  at  once  under  this  charter,  Phillip  E.  Thomas  became  the 
first  president  of  the  company,  and,  with  an  efficient  Board  of  Direc- 
tors, lost  no  time  in  prosecuting  the  work.  Application  was  made  to 
the  United   States   Government   for   a   detail   of   officers  to   conduct 
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reconnaissances  and  surveys,  to  be  at  once  nndei'taken,  while  the 
company  would  take  time  for  the  careful  selection  of  a  suitable  chief 
engineer.  In  resijonse  to  this  application  there  were  detailed  to  the 
railroad  service,  S.  H.  Long,  Brevet  Lieut. -Col.  U.  S.  TopograjDhical 
Engineers  ;  William  Gibbs  McNeill,  Captain  U.  S.  Topogi-aphical  Engi- 
neers ;  Dr.  William  Howard,  U.  S.  Assistant  Engineer,  assisted  by 
Mr.  F.  Harrison,  Jr.,  U.  S.  Assistant  Engineer;  Lieutenants  Joshua 
Barny,  U.  S.  Artillery  ;  Isaac  Trimble,  U.  S.  Artillery  ;  John  L.  Della- 
hunty,  U.  S.  A. ;  Walter  Gwynn,  U.  S.  A. ;  William  Cook,  U.  S.  A. ; 
KichardE.  Hazzard,  U.  S.  A. ;  George  W.  Whistler,  U.  S.  A. ;  Fessenden, 
U.  S.  A. ;  Thompson,  U.  S.  A. ,  and  Mr.  Guion. 

The  duty  assigned  to  these  officers  was  performed  with  so  much 
assiduity  that  they  were  enabled  to  present  on  the  5th  of  April,  1828,  a 
rejiort  which  covered  a  general  examination  of  the  whole  intervening 
region  between  the  Patapsco  and  Ohio  rivers,  and  with  so  intelligent  a 
discussion  of  many  of  the  alternative  lines  that  it  is  a  matter  of  no  little 
wonder  how  so  much  could  be  accomi:)lished  in  so  short  a  time,  through 
so  rough  a  wilderness  as  the  Alleghanies  must  have  been  in  that  day. 
The  study  of  the  route  seems  to  have  been  based  on  the  theory  that  the 
gradient  of  the  road,  to  be  worked  probably  by  horses,  possibly  by 
locomotives,  must  be  moderate,  not  exceeding  30  feet  per  mile,  as 
nearly  imiformas  possible,  never  undulating,  that  a  very  liberal  amount 
of  lateral  curvature  was  admissible  in  furtherance  of  this,  and  for  the 
avoidance  of  heavy  cuts  and  fills  ;  and  that  where  summits  were  to  be 
crossed  and  great  differences  of  level  to  be  overcome,  I'ecourse  should 
be  had  to  inclined  planes,  to  be  operated  i)referably  by  steam  or  water 
power. 

The  company  had,  in  the  meantime,  secured  the  services  of  Jonathan 
Knight,  Esq. ,  of  Pennsylvania,  a  civil  engineer  of  experience,  who  had 
been  engaged  upon  the  National  Road  between  Cumberland  and  Wheel- 
ing, and  who  had  served  more  recently  under  appointment  of  the 
TJ,  S.  Government  as  a  commissioner  to  extend  that  road  from  Wheeling 
through  the  States  of  Ohio  and  Indiana.  A  few  days  after  the  filing  of 
the  report  of  reconnaissance  and  survey,  the  engineering  department 
was  organized  by  placing  it  in  charge  of  a  Board  of  Engineers,  con- 
sisting of  the  president  of  the  company,  Mr.  Philip  E.  Thomas,  Colonel 
S.  H.  Long,  U.  S.  Topographical  Engineers,  and  Jonathan  Knight. 
The  president  had  no  knowledge  of  engineering,   so  there  were  two 
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professional  men  with  a  layman  to  vote  with  one  or  the  other  and  make  a 
majority  whenever  a  difference  of  opinion  supervened.  Captain  McNeill 
was  subsequently,  on  October  6th,  1828,  aj^pointed  a  fourth  member  of 
the  Board. 

On  May  5th,  1828,  the  Board  of  Engineers  made  a  formal  report 
recommending  to  the  company  the  adoijtion  of  a  route  by  the  valley  of 
the  Potomac,  as  affording  by  far  the  best  passage  through  the  Soitth 
Mountain,  involving  too  the  crossing  by  inclined  planes  of  but  one 
summit,  that  of  Parr's  Eidge,  before  reaching  the  Potomac.  A  few 
days  later,  parties  were  started  in  the  field  to  make  definitive  location 
of  the  line.  It  is  curious  to  note  that  in  the  midst  of  their  labors  in 
the  location  of  a  great  line  through  a  difficult  country,  the  Board  of 
Engineers  found  they  had  quite  as  difficult  a  problem  to  solve  in 
meeting  the  views  of  the  citizens  of  Baltimore  as  to  the  city  terminus 
of  the  line.  Every  merchant  wanted  it  at  his  own  door,  and  it  was 
many  years  before  the  question  was  put  to  rest. 

On  July  4th,  1828,  formal  commencement  of  the  work  was  made  by 
the  laying  of  the  first  stone,  by  Charles  Carroll,  of  Carrollton,  attended 
by  a  great  procession  and  trades'  display,  badges,  mixsic,  etc.,  and  on 
the  14th  of  the  same  month  the  first  letting  of  the  work  took  place. 
That  there  was  no  time  being  then  lost  is  clear,  for,  at  the  annual 
meeting,  less  than  ninety  days  later,  the  President  rej^orts  that  the 
grading  of  1^  miles  was  comiDlete. 

Simultaneously  with  the  location  of  the  line  at  Baltimore  a  party 
had  been  sent  to  locate  the  road  through  the  Narrows  of  the  Potomac, 
at  and  beyond  the  Point  of  Rocks,  where  it  was  feared  there  might  be 
contest  with  the  Chesapeake  and  Ohio  Canal  Company.  This  was 
l^romptly  effected  and  was  followed  by  the  acquisition  of  the  coveted 
ground  in  fee  simiile,  though  to  no  purpose,  as  it  presently  appeared, 
for  in  the  same  auniial  rei)ort  of  October  1st,  1828,  the  President 
announced  that  the  Canal  Company  laid  claim  to  a  pre-emption  right 
to  a  location  along  the  Potomac  River  through  succession  to  the  rights 
of  the  old  Potomac  Company.  Injunction  immediately  stopped  the 
work  of  the  railroad  company  along  the  Potomac,  and  the  litigation 
thus  commenced  was  prolonged  for  several  years,  ending  finally  in  the 
triumph  of  the  Canal  Company. 

The  same  report  announced  the  intention  of  the  President  and 
Board  of  Directors  to  send  to  England  a  deputation  of  engineers  to 
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make  observations  there,  ami  especially  to  study  the  application  of 
moving  jiower  upon  the  roads  there  existing.  Mr.  Knight,  Cajitain 
McNeill  and  Lieutenant  Whistler  were  accordingly  sent  al)road  in 
November,  1828.  They  made  a  very  thorough  examination  of  all  the 
railroads  then  existing  in  England,  and  returned  to  Baltimore  May, 
1829.  The  rejjort  of  their  observations,  though  promised,  was  deferred, 
and,  if  prejiared,  seems  never  to  have  been  formally  jsresented  and 
never  printed. 

At  their  very  first  meeting  on  the  12th  of  April,  1828,  the  Board  of 
Engineers  appointed  Mr.  Casper  W.  "Weaver,  Superintendent  of  Con- 
struction, "whose  duty  it  shoiild  be  to  aid  in  arranging  contracts  for 
the  execiition  of  work  upon  the  railroad  and  to  see  that  all  contracts 
for  the  construction  of  said  road  be  faithfully  carried  into  efiect,  and 
also  to  perform  such  other  duties  connected  with  the  service  as  the 
Board  of  Engineers  may  direct."  Mr.  Weaver  had  been  engaged  in  a 
somewhat  similar  capacity  on  the  construction  of  the  National  Road 
from  Cumberland  to  Wheeling  and  its  continuation  in  Ohio,  and, 
although  probably  not  equipped  with  a  scientific  education,  had 
acquired  considerable  experience  and  practical  skill  in  dealing  with 
contractors  and  pushing  public  works.  The  Board  of  Engineers,  on 
the  contrary,  with  a  most  cumbrous  organization,  was  dealing  with 
entirely  new  i3roblems  where  precedents  and  past  experience  were  of 
Mttle  avail.  The  Superintendent  seems  to  have  thought  he  possessed 
far  more  knowledge  of  the  subject  than  his  engineers  and  would  brook 
no  control.  He  seems  to  have  recognized  their  general  lines  of  location, 
but  modified  and  changed  them  occasionally  as  he  thought  fit. 

The  Board  of  Engineers  adopted  in  its  printed  regulations  a  thorough 
system  in  accordance  with  the  military  training  and  habits  of  a  ma- 
jority of  its  members,  and  not  diflering  from  the  methods  observed  in 
the  Government  Avork.  Mr.  Knight,  imited  with  his  colleagues  in  the 
adoption  of  these  regulations,  all  of  which  were  doubtless  right  in 
themselves,  but  they  were  not  elastic  enough  for  the  views  of  Superin- 
tendent Weaver,  who  did  pretty  much  as  he  pleased,  without  the 
slightest  attention  to  regulations  when  he  chose  to  ignore  them.  It  is 
very  evident  to  one  who  studies  the  record  to-day,  that  the  Superin- 
tendent had  the  ear  of  the  President  and  was  sustained  by  him  and  the 
Board  of  Directors.  They  wanted  the  work  driven  with  energy  in  order 
to  impress  the   public   with  confidence  in  the  success  of  a  new  and 
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untried  enterprise,  for  the  company  was  seeking  support  and  sub- 
scrii)tions  to  its  stock  from  both  the  State  and  the  United  States 
Governments. 

Mr.  Weaver  seems  to  have  rushed  things,  which  was  what  they 
wanted,  and  the  man  who,  without  drawings  or  prepared  plans,  would 
assume  to  put  contractors  to  work  on  dressed  stone  viaducts  of  80,  55 
and  20-foot  spans,  at  an  estimated  cost  but  little  exceeding  that  which 
the  Board  of  Engineers  had  named  as  the  cost  of  wooden  superstruct- 
ures, adopted  by  them  for  economy,  was  the  man  for  the  day.  Colonel 
Long  seems  to  have  had  much  trouble  from  this  cause  during  the 
absence  of  his  colleagues  in  England.  On  their  return  in  May,  1829, 
there  was  an  investigation;  charges  were  preferred  against  the  Sui^er- 
intendent,  such  as  changing  location  without  authority,  injudicious 
dealings  with  contractors,  entire  disregard  of  certain  specific  orders  of 
the  Board  of  Engineers,  etc.  A  hearing  was  had  before  a  committee  of 
the  Board  of  Directors  which  acquitted  the  Superintendent  of  all 
charges  affecting  his  integrity  and  practically  sustained  him  through- 
out. 

The  Board  of  Directors  soon  thereafter,  on  the  4:th  of  January,  1830, 
abolished  the  Board  of  Engineers  and  appointed  Jonathan  Knight  as 
Chief  Engineer.  This  action  gave  rise  to  much  acrimonious  discussion 
in  the  newspapers  of  the  day.  A  jaamphlet  of  some  five  hundred  pages 
was  published,  giving  minute  details  of  the  work  of  the  Board  of  Engi- 
neers from  the  first  organization  of  the  Board  to  its  final  dissolution,  and 
this,  in  connection  with  other  pamphlets  and  newspaper  articles,  give  a 
pretty  clear  insight  as  to  the  actual  condition  of  affairs.  A  stixdy  of  it 
is  interesting  as  showing  how  the  engineers  were  led,  principally  by  local 
jealousies,  as  to  the  jioint  of  entrance  into  the  city,  combined  with  a  sup- 
posed necessity  for  avoiding  undulations  in  the  grade  which  had  been 
located  as  a  level  for  the  first  six  or  seven  miles,  to  the  adoi)tiou  of  a  most 
expensive  line  within  the  first  three  miles  from  the  city,  involving  a  costly 
viaduct,  and  one  thorough  cut  of  310  000  cubic  yards.  It  was  thoiight 
by  this  location  "a  line  of  road  woiild  be  secured  which,  by  some  ox- 
tensive  embankments  and  sharj)  cutting  near  the  city,  could  be  located 
with  but  a  single  summit  for  a  distance  of  180  miles,  and  with  but  two 
summits  reqiiiring  stationary  jJOAver  along  the  entire  distance  to  the 
Ohio  Eiver. " 

It  enables  us  further  to  appreciate  how  thoroughly  novel  and  un- 
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tried  were  the  problems  involved.  We  find  an  elaborate  defense  of  the 
proposition  that  the  flanges  of  the  wheels  should  be  on  the  outside  of 
the  wheel  and  rail,  an  arranfj(>ment  whii-h  the  Board  of  Engineers  had 
adopted,  and  in  accordance  with  which  one  and  a  half  miles  of  track  had 
been  actually  laid,  when  shortly  after  the  abolition  of  the  Board  of 
Engineers,  the  Chief  Engineer  changed  it  to  that  which  was  then 
used  abroad,  and  which  has  since  everywhere  i^revailed.  Mr.  Knight, 
in  his  annual  report  of  October,  1830,  explains  the  reasons  for  this 
change  of  plan  and  discusses  the  question  very  fully;  the  result 
being  that,  while  his  analysis  would  seem  to  justify  the  conclu- 
sion that  the  flange  was  better  on  the  outside,  and  in  that  jiosition 
peculiarly  well  suited  to  Mr.  Winans'  patent  car,  which  it  was  proposed 
to  use,  yet  as  experiments  on  the  Liverpool  and  Manchester  Railroad 
had  shown  that  this  car  would  work  well  with  the  flanges  inside,  it  was 
desirable  that  a  railroad  which  must  be  a  general  thoroughfare  and 
probably  intersected  by  numerous  branches,  should  be  suited  to  all 
approved  kinds  of  carriages,  of  which  all,  so  far,  had  inside  flanges. 
Hence  the  conclusion  to  adopt  iipon  this  road  the  form  already  in  use 
elsewhere.  The  same  report  contains  an  elaborate  discussion  and  analy- 
sis of  the  size,  weight  and  form  of  the  chilled  cast-iron  wheel  to  be 
used  on  the  road  with  the  proper  amount  of  cone  to  be  given  to  the 
thread,  resulting  in  a  pattern  which  was  standard  for  the  next  twenty 
years  or  more.  Of  cars,  a  number  were  constructed  at  this  time  with 
case-hardened  or  steeled  journals  and  chilled  bearings,  a  system  whicli 
also  continued  in  use  for  over  twenty  years. 

Here,  I  must  mention  the  name  of  John  Elgar,  Mr.  Knight's  me- 
chanical assistant,  who  was  employed  in  designing  and  constructing 
wheels,  chairs  and  tiirn-outs  or  switches.  The  latter  were  still  used  in 
and  about  the  yards  and  street  tracks  of  New  York  some  twenty-five 
years  later,  where  they  were  known  as  Baltimore  switches.  When  I 
knew  Mr.  Elgar  forty-five  years  ago,  he  was  an  old  man  of  about 
seventy  years,  gentle,  and  minutely  painstaking  in  all  he  did.  He  was 
then  interested  in  water-rams,  which  were  constructed  for  him  in 
Winans'  shops.  I  was  frequently  assigned  to  his  work  and  learned  to 
know  him  well.  In  fact,  the  first  time  I  ever  held  a  target  was  for  him 
in  running  a  line  of  levels  for  setting  one  of  his  rams  to  supply  water 
to  the  Baltimore  House  of  Refuge.  The  level  he  used  was  peculiar. 
He  was  too  poor  to  buy  an  ordinary  telescope  level,   and  much  toa 
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independent  to  borroAV  one,  so  he  made  his  own.  Its  use  did  involve  the 
necessity  of  being  reasonably  careful  about  equal  sights,  but  it  served 
his  purpose  well,  and  the  four  silver  quarters  -which  he  insisted  on  my 
accepting  for  my  afternoon's  duty  as  rodman,  was  the  first  j^ay  I  ever 
received  for  engineering  work. 

The  dissolution  of  the  Board  of  Engineers  was  soon  followed  by  the 
retirement  from  the  company's  service  of  all  the  United  States  officers 
heretofore  attached  to  it.  They  were  all  men  of  ability,  and  each  and 
all  subsequently  made  a  record  elsewhere;  but  it  is  very  evident  that 
the  President  and  Board  of  Directors  had  eflfected  a  most  impracticable 
organization  at  the  outstart,  under  which  it  was  well  nigh  impossible 
to  produce  good  results. 

The  track  was  to  have  been  laid  throughout  on  stone  sills,  but 
owing  to  the  scarcity  of  stone  until  the  valley  of  the  Patapsco  could  be 
reached,  and  for  the  further  reason  that  the  embankments  constructed 
without  regard  to  the  directions  of  the  engineers,  who  had  ordered 
them  built  in  compact  layers  of  full  width,  as  you  would  build  an 
earthen  dam,  were  not  sufficiently  settled  to  afford  a  proper  bed  for  the 
stone,  it  was  deemed  best  to  lay  the  first  seven  and  a  half  miles  with 
wood.  Sleej)ers,  or  cross-ties  of  7  feet  to  8  feet  in  length,  and  of  from 
5  inches  to  10  inches  in  thickness  were  laid  transversely  on  the  road  at 
a  distance  of  4  feet  from  center  to  center.  Notches  were  formed  in 
each  sleeper  at  proper  distances  to  receive  stringed  pieces  6  inches 
square,  and  from  12  feet  to  40  feet  in  length.  These  were  held  in  jslace 
by  Avoodeu  keys.  Under  each  notch  of  each  sleeper  a  cavity  was  exca- 
vated in  the  graded  bed  to  receive  1^  cubic  feet  of  broken  stone  of  a 
size  to  pass  through  a  2-inch  ring.  This  cavity  was  arranged  18  inches 
lengthwise  of  the  sleepers,  and  12  inches  lengthwise  of  the  road,  and 
12  inches  deep.  Each  sleeper  was  laid  so  as  to  rest  firmly  on  these 
sui^ports  of  broken  stone. 

The  iron  rails  15  feet  long  by  2i  inches  wide  and  ^ths  of  an  inch 
thick  were  laid  on  the  stringers,  about  three  quarters  of  an  incli 
from  the  edge.  Iron  jjlates  having  been  let  into  the  wood  immediately 
under  the  joinings  of  the  iron  rails,  the  ends  of  each  two  adjoining  rails 
"  were  fastened  to  the  jilate  by  a  screw  bolt  or  nut,  or  by  a  nail  or  si^ike. 
The  rails  were  laid  a  quarter  of  an  inch  apart  Avith  mitred  joints, 
and  were  nailed  to  the  wood  throughout,  throitgh  holes  made  in  the 
rail  for  the  purpose.     The  i^rojecting  corner  of  the  stringer  Avas  then 
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adzed  ofl',  that  the  flange  of  the  wheel  might  not  come  into  contact 
with  the  wood.  On  the  unsettled  embankment  sub-sills  were  used 
under  the  sleepers  or  cross-ties.  For  the  first  seven  miles  a  double  track 
was  constructed  of  this  description,  and  on  the  next  six  miles  which 
carried  the  work  to  Ellicott's  Mills,  one  track  was  made  with  the 
wooden  strin  ^ers  on  stone  blocks,  about  16  inches  square  by  12  inches 
long,  bedded  in  broken  stone,  instead  of  on  wooden  sleepers  or  cross- 
ties.  The  rails  were  secured  to  the  block  by  cast-iron  knees.  The 
other  track  consisted  of  stone  sills,  about  16  inches  wide  by  12  inches 
deep,  bedded  in  broken  stone,  forming  a  continuous  base  for  the  iron 
strap  rail.  The  latter  was  the  standard  track,  and  it  is  recorded  in 
the  reports  as  believed  to  be  the  best  known,  and  superior  to  the  iron 
rail  in  use  in  Europe.  Its  cost  was  ^2  000  per  mile  for  each  track  more 
than  the  wooden  stringer,  but  its  sui^posed  permanency  recommended 
it  to  the  comjjany  wherever  the  proper  material  could  be  had. 

It  was  not  long,  however,  before  experience  began  to  enlighten  the 
officers  to  a  fact  which  the  President  annotinced  a  little  later  ;  that  of 
the  several  systems  of  sujoerstructure  just  described  the  first  intended 
to  be  but  temijorary  was  decidedly  the  best,  and  the  last  as  decidedly 
the  worst  of  all.  The  track  was  finished  with  a  horse  path  of  gravel  or 
broken  stone,  and  was  opened  for  use  to  Ellicott's  Mills  on  the  21st  of 
May,  1830,  being  ojierated  by  horses.  Among  the  assistant  engineers 
in  charge  of  the  track-laying  are  found  the  names  of  J.  Dutton  Steele 
and  Squire  Whipple. 

So  much  extra  expense  had  been  involved  in  the  laying  of  new 
track  with  the  stone  sills,  owing  to  the  distance  from  the  quarry  and 
the  difficulty  of  distributing  them  ahead  of  the  track,  together  with 
the  evident  inexjiediency  of  using  them  on  unsettled  embankments, 
that,  as  the  work  proceeded  west  of  Ellicott's  Mills,  the  Chief  Engineer 
suggested  whether  the  extension  covild  not  be  more  advantageously  laid 
with  wood,  leaving  the  stone,  or  other  approved  methods,  to  be  availed 
of  for  renewals.  This  policy  was  not  adopted,  however,  until  aV)out  40 
miles  of  single  track  had  been  laid  with  the  stone. 

In  his  annual  report  of  October  1st,  1830,  Mr.  Knight  speaks  with 
much  satisfaction  of  the  readiness  with  which  a  speed  of  10  miles  per 
hour  has  been  maintained  with  horses  in  the  working  of  the  13  miles  of 
road  then  in  use  for  foiir  or  five  months.  He  refers,  too,  to  the  recent 
eminently  successful  demonstration  of  the  aiJijlieability  of  the  loco- 
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motive  to  a  railway  witli  curvatures  of  400  feet  radius,  as  proved  by  the 
trial  uj)on  the  road  of  an  experimental  engine  built  by  Peter  Cooper,  of 
New  York.  This  engine  was  rudely  constructed,  had  but  a  single 
working  cylinder  of  3^  inches  diameter  and  was  mounted  on  the  ordin- 
ary 30-inch  car  wheels,  which  were  driven  from  the  engine  shaft 
through  the  medium  of  gearing.  This,  the  first  trip  of  the  first  loco- 
motive built  in  America,  took  place  on  August  28th,  1830.  A  most 
graphic  description  of  the  trial  trip  was  prepared  many  years  ago  by 
the  late  John  H.  B.  Latrobe.  No  doubt  many  of  you  may  recall  it,  and 
I  will  not  detain  you  with  further  reference  to  it  than  to  say,  that  the 
machine  was  a  mere  experiment  to  prove  to  the  skeptic  that  the  sharp 
curves  of  400  feet  radius,  or  even  less,  could  be  readily  worked  by 
steam  applied  through  the  adhesion  of  the  wheel  to  the  rail.  Peter 
Cooper  was  interested  in  proving  this,  for  he  was  the  largest  owner  of 
shares  in  the  Canton  Company  of  Baltimore,  a  real-estate  corporation 
that  all,  who  know  anything  of  the  New  York  stock  market,  have 
heard  about.  Peter  Cooper  believed  that  his  company's  lands  were 
only  to  be  made  valuable  by  the  successful  development  of  the  railroad 
project,  and  he  was  right.  The  full  recognition  of  their  value  is, 
however,  only  now  being  realized  after  an  interval  of  sixty  years. 

During  this  and  the  following  year  experiments  were  made  to  test 
the  resistance  of  cars  with  the  Winans'  anti-friction  box  and  those  with 
hardened  steel  journals  and  chilled  bearings.  With  the  former  the 
friction  on  a  level  straight  road  was  found  to  be  one  four-hundredth 
part  of  the  load  and  with  the  latter  one  two-hundred  and  fortieth  part 
of  the  same.  Experiments  were  also  made  to  test  the  practicability  of 
turning  the  street  corners  of  the  city  with  the  railroad  and  cars.  It  was 
found  that  a  radius  of  60  feet  could  be  readily  turned  by  permitting 
the  wheels  on  the  outside  of  the  curve  to  roll  on  the  edge  of  the  flange, 
which  was  guided  by  the  flange  running  in  a  groove  in  the  rail,  while 
the  inside  or  shorter  rail  remained  of  the  usual  form  and  carried  the 
tread  of  the  opposite  wheel. 

In  his  annual  report  of  October  1st,  1831,  Chief  Engineer  Knight 
acknowledges  the  aid  he  has  received  in  the  arrangement  of  the 
machinery  from  his  assistants  John  Elgar  and  Boss  Winans,  the 
latter  of  whom  was  then  engaged  in  planning  the  machinery  and 
fixtures  for  the  inclined  j^lanes,  which  were  never,  however,  brought 
into  use. 
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The  directors  being  desirous  of  pi'ocuring  their  steam  machinery, 
as  far  as  jjracticable  of  American  workmanship  and  anxious  to  direct 
the  mechanical  genius  of  the  country  to  its  further  improvement, 
l)ublished  on  the  4th  of  January,  1831,  an  advertisement  for  locomotives. 
In  tliis  advertisement  ."B-l  000  is  offered  for  the  most  approved  engine 
and  ^3  500  for  the  next  best,  the  engine  to  burn  coke  or  coal  and  not 
to  exceed,  in  running  order,  the  weight  of  3?  tons,  not  inclusive  of 
tender.  Three  locomotives  were  offered  to  the  company  in  response 
to  this  advertisement.  Of  these  only  one  was  found  to  come  up  to  the 
requii'ements  of  the  si^ecification.  This  engine  was  the  "York,"  built 
by  Davis  &  Gartner,  of  York,  Penn.  It  was  designed  by  Phineas  Davis, 
an  ingenious  watchmaker  of  that  borough,  under  the  stimulus  of  the 
company's  advertisement,  and  who,  probably  for  the  purpose  of 
building  it,  associated  himself  Avith  Gartner,  a  machinist  of  the  same 
place.  The  weight  of  the  engine,  limited  by  the  terms  of  the  specifica- 
tion to  3^^  tons,  was  nol  exceeded.  It  had  a  vertical  boiler,  and  was 
carried  on  four  of  the  ordinary  30-inch  car  wheels.  The  size  of  its 
vertical  cylinders  I  find  no  where  recorded.  After  undergoing  some 
modifications  by  which  the  fimctions  of  the  cylinders  were  transmitted 
to  the  driving  wheels  and  velocity  attained  through  spur  gearing,  the 
engine  was  found  capable  of  conveying  15  tons  at  15  miles  i^er  hour  on 
a  level. 

It  was  put  in  regular  service  between  Baltimore  and  Ellicott's  Mills, 
making  the  distance  of  13  miles  in  an  hour  with  four  cars  weighing  18 
tons  gross.  About  5  miles  of  this  distance  had  a  grade  of  17  feet  to 
the  mile.  It  was  found  to  travel  curves  of  400  feet  radius  with  facility, 
even  at  15  miles  per  hour,  and  on  straight  parts  of  the  line  sometimes 
attained  a  velocity,  for  a  short  time,  of  30  miles  jjer  hour.  The  fuel 
used  was  anthracite  coal,  and  answered  the  purpose  well ;  but  the 
boiler  was  deficient  in  size.  This  engine  was  at  once  improved  ujion 
by  the  same  builders  in  their  engine  "Atlantic,"  which  weighed  6^ 
tons,  of  which  4  tons  Avere  upon  one  pair  of  36-inch  driving-wheels. 
The  boiler  was  much  improved.  The  upright  cylinders  of  10  x  20  inches 
were  connected  to  one  paii-  of  driving-wheels  by  spiir  gearing,  doubling 
the  velocity.  The  new  feature  was  introduced  of  cutting  off  steam  at 
two-thirds  of  the  stroke. 

This  engine  did  good  work.  It  was  folloAved  from  the  same  shops 
by  the  "Indian  Chief,"  soon  afterward  altered  and  remodeled  as  the 
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"  Traveler,"  and  then  by  the  "Arabian,"  which  latter  machine  became 
the  type  of  the  so-called  "  Grasshopper  engine."  This  engine  weighed 
7i  tons.  The  boiler  was  vertical,  on  the  model  of  that  of  Peter 
Cooper,  with  iron  tubes.  The  cylinders,  12  x  22  inches,  were  con- 
nected through  spnr  gearing,  not  as  in  the  "Atlantic,"  directly  to  the 
axle  of  the  driving-wheel,  but  to  a  shaft  or  axle,  about  3  feet  in  front 
of  the  front  pair  of  wheels,  parallel  therewith  and  in  the  same  horizon- 
tal plane.  The  ends  of  this  shaft  carried  cranks  which  were  connected 
by  the  usual  side  rods  to  cranks  on  the  ends  of  the  dri\-ing-wheel 
shafts,  thus  transmitting  the  motion  to  the  driving-wheels.  This 
arrangement,  first  introduced  into  the  "Traveler,"  secured  the  spur 
gearing  from  shocks  due  to  the  irregularities  of  the  road  and  disposed 
finally  of  a  most  troublesome  cause  of  breakages.  Chief  Engineer 
Knight,  in  his  annual  report  for  1833,  states  that  the  "Atlantic" 
has  run  13  280  miles,  burning  anthracite  coal,  of  which  it  had,  in  that 
distance,  consumed  190  tons  without  the  failure  of  a  single  tube. 

The  building  of  these  engines  was  now  transferred  to  the  company's 
shops  at  Mount  Clair,  under  Phineas  Davis  as  contractor,  and  the 
work  was  there  conducted  by  him  until  his  untimely  death  by 
an  accident  to  a  new  engine  he  was  testing,  September  27th,  1835. 
Mr.  Davis  was  succeeded  by  Gillingham  and  Winans,  who  lent  their 
skill  to  the  further  perfecting  of  the  machinery  and  brought  these  en- 
gines to  a  degree  of  efficiency  which  is  surprising.  So  well  and  so 
thoroughly  was  the  detail  of  this  engine  worked  out,  and  so  well 
adapted  was  it  to  hauling  heavy  loads  at  slow  speeds  through  curves 
of  the  shortest  radius,  that  it  has  survived  to  a  very  recent  day. 
Twenty  years  ago,  when  the  late  Benjamin  H.  Latrobe  prepared  for 
the  Railroad  Gazette  a  very  full  and  complete  description  of  this  engine, 
it  is  noted  by  the  editor  that  four  of  the  engines  were  still  in  use. 
Whether  any  are  in  service  to-day  I  am  not  fully  informed,  but  only  a 
few  years  ago  they  were  used  for  yard  work  at  Mount  Clair  and  were 
very  efficient. 

While  the  improvements  we  have  noted  in  the  locomotives,  and 
which  we  have  traced  down  to  183G,  were  being  effected,  other  depart- 
ments of  the  work  were  progressing.  On  the  1st  of  April,  1832,  the 
line  was  opened  to  the  Potomac  River  at  the  Point  of  Rocks,  a  distance 
of  70  miles  from  Baltimore,  and  Avas  regularly  worked  throughout  by 
horse-power.     As  already  stated,  it  had  been  contemplated  to  effect, 
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with  inclined  planes,  the  crossing  of  Pan-'s  Ridge,  the  summit  of 
Avhic'h  was  800  feet  above  tide  and  the  eastern  foot  of  which  -was 
reached  at  about  40  miles  from  Baltimore.  The  placing  of  the  ma- 
chinery for  working  of  the  planes  was,  however,  deferred  from  year 
to  year,  and  the  traffic  carried  across  the  ridge  by  horse-power, 
until  the  development  of  the  engines  already  described  led  to  their 
being  tested  on  the  heavy  grade  of  the  intended  planes. 

I  have  already  mentioned  that,  at  the  very  outset,  work  along  the 
Potomac  was  stopped  by  litigation,  resulting  in  favor  of  the  Canal 
C'omijany;  a  compromise  was  sought  and  finally  effected  in  the  spring 
of  1833.  The  immediate  difficulty  was  the  passage  of  the  several  sjiurs 
of  the  Blue  Ridge  which  are  cleft  by  the  river  with  bold  and  rocky 
-lopes  and  first  encou.ntered  by  the  road  in  the  Catoctin  Mountain  at 
the  Point  of  Rocks,  and  continue  at  intervals  for  12  miles  to  Harper's 
Ferry.  The  compromise  arranged  need  not  be  considered  here.  It  was 
onerous  enough,  })ut  could  not  be  avoided,  and  under  it  the  work  was 
completed  to  a  point  opiJosite  Harper's  Ferry  by  December,  1834. 

During  these  years  of  obstruction,  authority  had  been  obtained  to 
construct  a  branch  road  to  Washington,  and  in  1831  Mr.  B.  H.  Latrobe 
was  appointed  an  assistant  and  assigned  to  the  reconnaissance.  This  was 
followed  up  without  delay  by  a  more  definite  and  careful  examination. 
Mr.  Knight  takes  a  most  comprehensive  view  of  what  he  says  must 
become  a  great  national  highway.  He  urges  that  no  grades  exceeding 
20  feet  per  mile,  nor  any  curve  of  less  radius  than  1  500  feet,  or  in  ex- 
treme cases,  1  000  feet,  be  tolerated  if  avoidable  at  any  reasonable 
expense,  so  that  light  locomotives  may  make  the  run  regularly  in  two 
hours  and  indicates  the  possibility  of  a  "message  being  made  to  pass 
the  whole  distance  from  Washington  to  Baltimore  in  one  hour."  The 
surveys  were  continued  with  great  minuteness  so  that,  as  the  President 
expresses  it,  "the  roiite  finally  adopted  should  leave  no  better  one 
available  to  a  rival  corporation." 

In  July,  1833,  Mr.  Knight  submits  his  report  and  analyses  of  twelve 
alternative  lines  with  a  degree  of  elaboration  and  care  that  I  venture 
to  say  has  rarely  been  equaled.  The  line  recommended  by  him  was 
at  once  placed  under  contract,  and  under  Mr.  B.  H.  Latrobe,  as  the 
engineer  in  charge,  was  completed  and  opened  August  25th,  1835.  At 
its  point  of  divergence  from  the  main  stem  7  miles  from  Baltimore  it 
crosses  the  Patapsco  by  a  masonry  viaduct  of  eight  arches,  each  of  58- 
foot  chord,  some  70  feet  in  height  above  the  water  and  of  a  total  length 
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of  707  feet.     This  was  designed  by  Mr.   Latrobe  and  stands  to-day  a 
monument  to  his  taste  and  professional  skill. 

The  superstructure  of  the  branch  road  was  intended  to  be  a  great 
improvement  on  the  various  forms  used  thus  far  on  the  main  stem.  It 
consisted  of  longitudinal  sills  6  inches  square,  and  from  12  to  40  feet 
in  length,  laid  in  trenches,  so  cut  for  their  reception  that  the  upper  sur- 
face of  the  sills  will  be  from  2  to  5  inches  below  the  graded  surface  of 
the  roadbed.  On  this  were  laid  crossties  4  feet  from  center  to  center, 
and  cut  out  to  receive  stringed  pieces  of  yellow  pine  6  inches  square,  on 
which  were  laid  the  first  heavy  T-rails  used  on  the  road.  This  rail 
weighed  40  pounds  per  yard,  as  proposed  by  the  Chief  Engineer  and 
modified  in  the  shape  of  its  face  or  surface  by  Mr.  Ross  Winans. 

I  must  now  say  something  of  the  progress  made  in  coaches,  cars 
and  car  wheels.  The  coaches  were  at  the  outstart  made  about  as  com- 
fortable as  the  stage  coach  of  the  day,  and  were  built  on  much  the 
same  pattern;  but,  of  course,  with  cast-iron  wheels.  The  "Ohio,"  of 
which  I  am  able  to  show  you  a  lithograph,  was  an  improvement  on 
those  which  had  preceded  it.  You  will  see  that  it  is  provided  with  Mr. 
Winans'  anti-friction  boxes.  So  long  as  horse-power  alone  was  used, 
nothing  better  was  required.  As  soon,  however,  as  the  locomotive 
appeared  upon  the  road,  there  came  with  it  the  necessity  for  modifica- 
tion in  the  carriages.  The  wheels,  at  first  light  to  save  weight,  were 
made  heavier  to  give  needed  strength  with  increased  speed.  Mr. 
Knight  improved  the  shape  of  the  tread  and  flange,  while  John 
Elgar  and  Eoss  Winans  developed  its  chilled  features,  and  Phineas 
Davis  further  improved  and  perfected  the  whole  by  altering  the  dis- 
position of  the  metal  in  the  tread  and  angle  of  the  flange,  and  by  in- 
troducing Avithin  the  wheel  a  wrought-iron  ring  of  f  or  f-inch  round 
iron,  which  not  only  perfected  the  chill,  but  increased  the  strength  of 
the  wheel. 

So  satisfied  was  Mr.  Knight  with  the  result,  that  he  observes  at 
quite  an  early  stage,  "the  cast-iron  wheel  has  probably  attained  the 
utmost  perfection  of  which  it  is  capable."  Thousands  of  these  wheels 
were  made  at  Mr.  Winans'  8hoi)s,  not  only  for  use  in  various  i)arts  of 
this  country,  but  for  some  of  the  German  and  Swiss  roads  Avhich  used 
them  extensively  up  to  1851.  Mr.  Knight  in  his  report  for  1836  states, 
that  "the  chilled  wheels  have  run  30,000  miles  and  more  at  the  liigh 
speed  used  on  the  Washington  branch  without  the  faihire  of  a  single 
wheel,"  and  he  further  states  that  he  had  every  reason  to  believe  that 
50,000  miles  might  be  accomplished  by  them. 
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The  increase  of  sijeecl  due  to  the  use  of  steam  made  greater  steadi- 
ness desirable  in  the  coach  than  was  possible  in  the  four-wheeled  car. 
The  long  stringers  and  sills  for  the  track,  some  of  them  as  long  as  40 
feet,  had  been  heretofore  carried  over  the  finished  road  on  two  of  the 
ordinary  four-wheel  platform  cars,  coupled  by  a  long  pole.  On  the 
platform  of  each  of  these  cars  there  rested  transversely  a  bolster  with 
a  vertical  pin,  or  king-bolt,  passing  through  its  middle  point  and  so 
connected  to  the  platform  of  the  car  as  to  permit  the  bolster  to  swivel 
freely.  On  these  bolsters  of  the  two  connected  platform  cars,  and 
stretching  from  one  to  the  other,  the  track  timbers  referred  to  were 
laid.  Vertical  stakes  secured  to  the  ends  of  the  bolsters  prevented  the 
timber  from  rolling  oft'.  This  contrivance,  a  very  familiar  and  natural 
one,  and  not  even  then  iised  for  the  first  time,  answered  its  purpose 
perfectly,  and  from  its  steadiness  of  motion  suggested  to  the  active 
mind  of  Ross  Winans  the  carrying  of  passengers  on  a  car  constructed 
on  the  same  principle.  His  experiments  soon  followed,  and  in  the 
annual  report  of  October  1st,  1833,  the  suijerintendent  of  machinery 
notes  that  he  is  building  three  car  bodies  to  form  one  coach  on  eight 
wheels  to  carry  sixty  passengers. 

This  was  the  birth  of  the  eight-wheel  car  which  was  patented  by 
Mr.  Winans  and,  though  the  courts,  after  long  litigation,  decided  ad- 
versely to  his  claim  on  the  ground,  I  believe,  of  prior  use,  as  in  the 
case  of  the  timber  car  and  a  similar  one  for  transporting  large  blocks 
of  granite  at  Quincy,  Mass.,  yet  I  have  always  believed  that  to  Ross 
Winans  we  are  indebted  for  this  gi-eat  improvement.  Very  soon  there- 
after eight-wheel  cars  were  used  throughout  the  line  for  both  passenger 
and  freight  traffic,  and  special  ears  were  provided  for  baggage,  which 
had  theretofore  been  carried  on  toi>  of  the  coaches. 

In  1835,  James  Stimpson,  who  claimed  to  have  invented  a  jointed 
axle,  permitting  the  wheels  at  each  end  thereof  to  revolve  independ- 
ently, aijplied  to  President  Thomas  to  have  his  invention  adopted  on 
the  road.  The  question  was  submitted  to  Chief  Engineer  Knight,  who 
reported  unfavorably,  in  a  letter  to  the  President,  dated  May  23d,  1836. 
In  thi-s  he  discusses  at  much  length  the  nature  of  the  resistances  to 
which  the  wheels,  axles  and  rails  are  exposed.  The  following  passage 
is  worth  quoting: 

""VMiile  upon  this  particular  jjart  of  the  subject,  jjermit  me  to 
advance  the  belief,  that  in  regard  to  assigning  the  relative  resistances 
on  dift'erent  parts  of  a  railroad  laid  out  in  straight  lines  and  curves, 
and  in  the  perfecting  of  the  cast-iron  wheel  to  traverse  such  a  road,  not 
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to  mention  improvements  in  tlie  locomotive-engine,  more  has  been 
clone  at  Baltimore  upon  the  railways  of  this  Company  than  in  all  the 
world  beside." 

I  have  stated  that  the  road  was  opened  to  Harjier's  Ferry  in  De- 
cember, 1834.  The  jiortion  of  the  line  crossing  Parr's  Ridge,  located 
for  inclined  planes  with  stationary  engines  at  a  maximum  grade  of  270 
feet  per  mile,  was  still  worked  by  horses,  as  were  also  the  12  miles  be- 
tween Point  of  Rocks  and  Harper's  Ferry.  The  latter  section  was  so 
worked  on  account  of  the  opposition  of  the  Canal  Company  to  the  use 
of  locomotives,  because  they  frightened  the  canal  horses.  Trials  of 
the  new  Davis  engine,  already  described,  having  been  made  on  the 
planes  of  Parr's  Ridge,  and  the  ability  of  the  engine  to  overcome  even 
a  grade  of  270  feet  being  fully  demonstrated,  the  road  across  the  ridge 
was  re-located  to  adaj^t  it  for  locomotive  power.  This  was  done  with 
grades  of  about  80  feet  per  mile,  increasing  the  distance  less  than  one 
mile,  and  was  put  in  operation  in  June,  1839,  when  a  jjecuniary  consid- 
eration to  the  Canal  Company  having  meanwhile  steadied  the  nerves  of 
their  horses,  the  whole  line,  as  far  as  completed,  was  in  operation  with 
locomotives. 

The  increasing  demand  for  these  machines  was  partly  met  by  replac- 
ing the  engines  at  work  on  the  Washington  branch  by  others  built  by 
Mr.  William  Norris,  of  Philadelphia,  having  horizontal  boilers  and  one 
pair  of  driving  wheels  of  4  feet  diameter,  with  a  truck  in  usual  form, 
cylinder  of  10^  inches  diameter  and  18  inches  stroke,  and  weighing  9 
tons  with  5^  tons  on  the  drivers.  It  was  a  form  of  engine  much  better 
adapted  to  the  fast  passenger  service  of  that  line,  and  was  in  its  day  a 
most  efficient  machine.  These  engines  used  wood  fuel  and  were  followed 
by  others  on  the  same  general  plan,  iising  the  same  fuel,  which  was 
found  less  costly  than  the  anthracite  coal  supplied  to  the  Davis  engines. 

The  crossing  of  the  Potomac  at  Harper's  Ferry  was  effected  by  a 
timber  bridge,  designed  by  B.  H.  Latrobe,  and  built  by  Wernwag.  It 
was  a  noted  structure  in  its  time,  being  modeled  somewhat  upon  the 
plan  of  a  celebrated  bridge  over  the  Rhine  at  Schaafhausen.  A  pecu- 
liarity of  the  line  at  this  i)oint  necessitated  a  bifiircation  of  the  bridge 
at  its  western  end,  forming  two  branches  of  a  Y ;  the  one  arm  connecting 
by  a  single  span  to  the  south  with  the  Winchester  and  Potomac  Rail- 
road, then  just  completed,  to  meet  it ;  the  other,  by  two  spans  to  the 
west,  being  the  prolongation  of  the  main  stem  of  the  railroad. 

This  arrangement,  involving  the  use  of  switches  midway  of  the 
bridge,  was  necessarily  somewhat  complicated,  but  it  has  continued  to 
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this  day,  althoiigli  the  rapidly  increasing  weight  of  the  locomotives  and 
trains  caused  the  replacing  of  the  timber  bridge  at  a  later  date,  1852, 
by  an  iron  truss  jjatented  by  Wendell  Bollman,  the  details  of  which 
were  arranged  by  Mr.  J.  H.  Tegmeyer,  and  which  has  been  claimed  as 
the  first  iron  truss  railroad  bridge. 

The  extension  of  the  line  from  Harper's  Ferry  westward  to  Cumber- 
land, a  distance  of  96  miles,  was  now  being  pressed  forwai'd  with  his 
characteristic  energy  by  Mr.  Latrobe,  the  engineer  of  location  and  con- 
struction, and  was  opened  to  Cumberland  in  November,  1842.  The 
engineering  features  do  not  call  for  special  comment  here,  beyond  ref- 
erence to  the  track  superstructure  which  still  adhered  to  the  sub-sill. 
It  consisted  of  a  wooden  under-sill  and  stringed  piece  with  cross-ties 
and  blocks  between  them,  the  whole  fastened  by  wooden  pins.  The 
iron  rail  was  of  the  bridge  form,  weighing  51  pounds  to  the  yard,  with 
cast-iron  chairs  at  the  ends  and  in  the  middle  of  the  bars,  which  were 
held  firmly  down  to  the  stringed  piece  by  screw  bolts  at  the  ends  and 
hook-headed  spikes  at  intermediate  distances.  The  whole  resting  on 
a  bed  of  broken  stone  1  foot  in  depth. 

A  marked  stage  in  the  development  of  the  engines  for  this  extension 
must  now  be  noticed.  In  1836  Ross  Winans  constructed  two  engines 
for  the  road  with  the  Cooj^er  vertical  boiler  and  with  the  cylinders 
placed  horizontally  at  the  rear  end  of  the  frames  and  connecting  by  the 
spur  wheel  and  pinion  through  the  independent  shaft  to  four  dri\'ing- 
wheels  as  in  the  "Grasshopper"  engines.  This  arrangement  enabled 
the  boiler  to  be  dejjressed  and  lowered  the  center  of  gravity  of  the  whole 
machine  some  12  inches,  thereby  giving  greater  stability  at  high 
velocity.  This  plan  was  further  developed  in  1842  in  seven  engines, 
built  for  the  Western  Railroad  of  Massachusetts,  which  had  eight 
drivers  instead  of  four.  These  were  i^owerful  machines,  but  were  not 
a  success.  They  were  entirely  unsviited  to  the  use  of  wood;  and  as 
anthracite  could  not  be  furnished  on  that  line  at  any  reasonable  price, 
the  engines  were  soon  laid  aside. 

On  reaching  Cumberland,  the  Baltimore  and  Ohio  Railroad  taj^ped 
for  the  first  time  the  bituminous  coal  region,  and  a  locomotive  was 
wanted  to  burn  that  fuel.  Mr.  Winans,  to  meet  this  demand,  designed 
an  engine  -vN^ith  horizontal  boiler  and  horizontal  cylinders  of  16  x  22 
inches,  connecting  -with  eight  driving-wheels  33  inches  in  diameter, 
through  a  spur  wheel  and  pinion  as  heretofore,  and  weighing  23^  tons. 
Twelve  of  these  engines  were  placed  in  service  between  1844  and  1846, 
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and  were  a  great  advance  ujion  anything  which  had  preceded  them. 
They  burned  bituminous  coal  and  handled  the  coal  trade  in  its  in- 
cipiency.  They  led  the  way  in  the  development  of  the  coal-burning 
engine,  the  next  step  in  which  was  the  building  in  1846,  by  Mr.  Winans, 
of  four  engines  for  the  Philadelphia  and  Reading  Eailroad  with  hori- 
zontal boilers,  horizontal  cylinders  and  eight  driving-wheels  of  46 
inches,  diameter,  the  use  of  spur  gearing  being  dispensed  with. 

I  mention  these  Reading  engines,  of  which  I  am  fortunately  able  to 
show  you  a  lithograjih,  for  they  had  no  equivalent  on  the  Baltimore 
and  Ohio  Eailroad,  and  yet,  as  the  first  built  with  large  fire-boxes  and 
horizontal  cylinders,  connecting  directly  to  the  four  pairs  of  driving 
Avheels,  they  mark  an  important  stage  of  progress  to  the  next  engine, 
built  for  the  Baltimore  and  Ohio  Railroad,  and  known  as  the  "  Camel." 
The  first  of  this  class  of  engines  was  placed  on  the  road  in  1848,  in 
response  to  specifications  prepared  by  Mr.  Latrobe  and  limiting  the 
weight  to  22  tons.  It  had  17-inch  cylinders  of  22-inch  stroke  placed 
horizontally,  and  eight  43-inch  drivers;  the  fire-box  was  larger  and 
wider  than  ever  before.  In  distributing  the  weight  of  this  engine  on 
its  four  pairs  of  driving-wheels,  it  became  necessary  to  remove  the 
large  dome  from  over  the  fire-box  to  a  point  well  forward  of  the  middle 
of  the  boiler,  where  also  the  throttle  valve  and  engine-man  were  placed. 
This  humped  feature  suggested  the  name  "Camel,"  which  was  given 
to  the  first  engine  of  this  form,  and  the  name  has  since  adhered  to  the 
type.  These  engines  were  develoi^ed  in  the  next  few  years  by  increase 
in  size  of  boiler,  fire-box  and  cylinders,  which  latter  were  19  x  22  inches, 
with  a  total  weight  of  engine  of  28  tons.  They  were  most  efficient  and 
enabled  the  heavy  grades  of  the  new  road  west  of  the  Cumberland  to 
be  worked  successfully.  In  fact,  the  engine  was  designed  for  these 
grades,  and  there  was  no  other  then  available  for  that  pui'pose. 

This  engine  has  been  further  developed  and  improved  upon  since, 
largely  in  the  shoj)s  of  the  Philadelphia  and  Reading  Railroad,  to  which 
road  many  of  them  were  sujjplied,  where  its  crudities  have  been  removed 
and  its  deficiencies  supplied  by  the  skill  of  the  several  engineers  of 
machinery  of  that  great  corporation,  notably  by  the  late  James  INIilhol- 
land  and  by  Mr.  J.  E.  Wootten ;  but  many  of  its  characteristics  and  im- 
portant features  can  readily  be  traced — the  horizontal  cylinders,  the  large 
and  wide  fire-box,  the  flat  connecting  and  side  rods;  the  latter  arranged 
with  fixed  bushings  incai)able  of  adjustment,  a  feature  much  reviled  at 
the  time,  but  now  recognized  and  adoped  by  the  best  builders. 
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The  progress  of  the  road  beyond  Cumberland  was  delayed  for  five 
or  six  years  by  many  and  i^eculiar  causes.  While  the  original  charters 
granted  by  Maryland  and  Virginia  were  perpetual,  yet  there  were  limi- 
tations as  to  time  of  completion  which  were  ah'eady  exceeded,  and  whicth 
now  ojjerated  to  i-equire  further  legislation;  Avhile  a  limitation  in  the 
Pennsylvania  charter  operated  to  annul  it  altogether. 

Maryland  had  a  very  large  amount  of  money  invested  in  the  canal 
which  had  not  yet  reached  Cumberland  where  it  now  rests,  and  still 
cherished  the  hope  of  its  further  extension,  so  that  the  railroad  location 
must  still  be  subservient  thereto.  Virginia  endeavored  to  couple  with 
her  grants  of  extended  time,  onerous  stijjulations  limiting  the  terminal 
point  to  Wheeling. 

The  railroad  company  would  have  preferred  to  locate  its  line  to  a 
more  southern  point  on  the  Ohio,  preferably  to  Parkersburg  at  the 
mouth  of  the  Kanawha,  and  was  not  insensible  to  the  advantage  of  a 
terminus  at  Pittsburgh,  but  was  evidently  averse  to  Wheeling. 

The  well-known  dijjlomatic  skill  of  President  Louis  McLane  had 
full  scope  in  reconciling  the  difficulties,  and  with  some  measure  of  suc- 
cess, for  though  the  Act  of  Virginia,  of  March,  1847,  stipulated  Wheel- 
ing as  the  terminus,  yet  the  conditions  were  less  onerous  than  certain 
earlier  acts,  under  which  the  company  declined  to  proceed.  It  con- 
tained a  section  which  seems  to  have  been  designed  to  facilitate  con- 
nection with  a  branch  to  Parkersburg.  This  was  so  promptly  availed  of, 
that  the  Northwestern  Virginia  Kailroad,  now  the  Parkersburg  Branch 
Eailroad,  was  well  under  way  before  the  road  was  opened  to  Wheeling, 
and  was  completed  a  few  years  thereafter. 

The  definitive  location  of  the  whole  line  from  Cumberland  west  was 
now  pushed  forward  by  numerous  parties.  At  the  west  end  three  alter- 
native lines  of  approach  to  the  Ohio  presented  themselves  after  avoid- 
ing the  southwest  corner  of  Pennsylvania,  distant  from  W^heeling  some 
40  to  50  miles.  The  first  reached  the  Ohio  at  the  mouth  of  Fish  Creek, 
the  most  southern  point  permitted  by  the  Act  of  1847,  and  then  fol- 
lowed the  river  25  miles  to  Wheeling.  The  next  touched  the  river  at 
the  mouth  of  Grave  Creek,  12  miles  below  Wheeling.  The  third  ria 
Wheeling  Creek  only  reached  the  river  at  the  City  of  Wheeling.  The 
first,  although  the  longer,  had  light  grades  and  no  heavy  work,  and 
was  the  choice  of  Mr.  Latrobe.  The  second  and  third  crossed  several 
divides  involving  much  heavy  work,  each  of  the  two  including  Board 
Tree  Tunnel  of  2  300  feet,  with  80-foot  grades  on  either  side. 
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Wheeling,  fearing  an  attempt  to  deprive  lier  of  the  benefits  of  the 
actual  terminus,  protested  against  the  adoj^tion  of  the  Fish  Creek  line 
as  contrary  to  the  spirit  of  the  Act  of  IHH,  and  of  a  subsequent  agree- 
ment between  the  city  and  the  comjjany.  She  called  to  her  aid  Jona- 
than Knight  and  Charles  Ellet,  Jr.,  as  engineer  experts.  Mr.  Knight 
had  resigned  from  the  Baltimore  and  Ohio  Railroad,  and  had  been  suc- 
ceeded by  Mr.  Latrobe,  in  1842,  about  the  time  of  the  completion  of 
the  road  to  Cumberland,  and  now  brought  all  the  knowledge  and  skill 
acquired  in  the  company's  service  during  his  fifteen  years  of  connection 
with  it  to  bear  in  opi^osition  to  its  plans  and  to  the  views  of  its  chief 
engineer,  his  former  assistant.  The  situation  may  well  have  been  em- 
barrassing to  Mr.  Latrobe,  whose  notions  of  professional  ethics  were 
of  a  dift'erent  order. 

It  will  be  too  long  a  story  to  enter  here  into  the  details  of  the  con- 
troversy. It  was  skilfully  managed  on  both  sides.  Reams  of  paper 
were  filled  with  the  calculations  and  discussions  of  the  engineers  and 
Avith  the  arguments  of  counsel,  among  whom  were  Daniel  "Webster, 
Reverdy  Johnson  and  J.  H.  B.  Latrobe.  The  matter  was  finally  adjusted 
by  ai'bitration  in  the  autumn  of  1850,  resulting  in  the  adojjtion  of  the 
Grave  Creek  line,  having  caused  a  further  delay  of  three  years. 

The  questions  of  location  having  been  settled,  the  construction  of 
the  200  miles  from  Cumberland  to  Wheeling  was  pressed  at  all  jjoints 
with  energy  by  able  assistants.  William  H.  Small,  George  Hoflfman, 
Thomas  Rowles,  James  L.  Randolph,  George  McLeod,  Charles  P. 
Manning,  Benjamin  D.  Frost,  Alfred  F.  Sears  and  Albert  Fink,  the 
latter  a  Past  President  of  the  Society,  are  names  most  of  which  are 
familiar  to  you. 

The  track  from  Cumberland  westward  M'as  laid  throughout  with 
60-pound  rails  on  cross-ties,  with  a  wrought-iron  H  oi'  lip  chair  of  boiler 
plate.  The  latter,  though  better  than  anything  which  had  preceded 
it,  was  very  unreliable.  The  graded  road  was  ballasted  ahead  of  the 
track  with  broken  stone,  sand  or  gravel,  as  might  be  obtainable.  The 
track  was  not  yet  perfect,  but  a  great  step  in  advance  was  made,  Avhen 
there  was  no  longer  a  sub-sill  to  churn  away  in  the  mud  beneath  a  real 
or  pretended  ballast. 

Mr.  Latrobe's  adoption  of  the  110-foot  grades  in  crossing  the  moun- 
tains was  deemed  bold  and  hazardous,  but  he  had  been  trained  in  a 
school  which  Avas  self-reliant.  He  made  his  caknilations  of  Avhat  he  re- 
quired and  Avhat  he  felt  sure  could  be  accomplished,  and  found  in  Ross 
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Wiuaus  the  man  avIio  recognized  tlie  occasion,  and  undertook  tlie  task 
of  designing  an  engine  that  should  perform  the  ^vork.  Well  do  I  re- 
member accompanying  Mr.  Winans  on  his  first  test  of  the  new  engine 
on  the  grade  for  which  it  was  designed.  The  occasion  was  the  opening 
of  the  new  road  in  July,  1851,  to  Piedmont  station,  28  miles  west  of 
Cumberland.  Here  begins  the  116-foot  grade  which  continues  for  17 
miles  to  the  top  of  the  Alleghany  Mountains.  The  track-laying  force 
was  busily  engaged  some  3  or  4  miles  beyond,  and  this  short  distance 
•was  all  that  was  available  to  see  what  the  engine  could  do.  As  a  test  of 
its  full  power  it  did  not  amount  to  much,  but  there  were  attached  to 
the  engine,  in  addition  to  the  passenger  cars  of  the  excursionists,  a 
number  of  car-loads  of  iron  rails,  all  that  were  available,  and  ■svdth  these 
the  engine  started  at  the  foot  of  the  grade  and  made  its  run  at  the  rate 
of  10  or  12  miles  per  hour  with  a  large  surplus  of  steam,  which  was  cut 
oflf  at  half  stroke.  On  arriving  at  the  end  of  the  track  with  steam  blow- 
ing oflf,  there  was  much  congratulation.  It  was  realized  that  the  ques- 
tion of  ability  to  work  this  grade,  of  which  great  doubt  had  been 
exjaressed,  was  clearly  demonstrated  with  a  large  reserve  of  power  in  the 
engine,  and  from  that  time  forward  no  more  was  said  of  impossibilities. 

In  the  following  winter  and  spring  the  track  was  carried  to  and 
across  the  slopes  of  Cheat  River.  Here,  the  deep  ravines  of  Tray  Run 
and  Buck  Eye  Hollow  were  crossed  on  grades  of  about  105  feet  to  the 
mile  at  an  elevation  of  some  160  feet  above  the  bed  of  the  ravine  by 
trestle  work,  soon  replaced  by  ijermanent  structures,  the  detail  of  which 
was  executed  by  our  Past  President,  Albert  Fink,  then  office  assistant 
of  Mr.  Latrobe. 

The  next  great  feature  was  Kingwood  Tunnel  of  4,100  feet  in  length. 
This  work  not  being  ready  in  time  to  pass  the  track-layers  through 
without  much  delay,  Mr.  Latrobe  determined  to  grade  a  track  over  the 
tunnel  and,  passing  the  iron  over  it,  to  continue  the  work  of  track-lay- 
ing beyond.  The  maximum  grade  involved  in  this  was  10  feet  per  hun- 
dred, which,  though  intended  for  horse-power,  was  worked  by  the  camel 
engine,  which  pushed  over  it  one  car  of  rails  ■«4thout  any  serious  diffi- 
culty. At  a  later  period,  after  the  oj^ening  of  the  road,  when  the  arch- 
ing of  the  tunnel  was  in  progress,  this  temjiorary  line  was  revised  with 
a  maximum  grade  of  5  jaer  cent. ,  and  the  whole  traffic  of  the  road  was 
carried  over  it  for  some  months.  The  crossing  of  this  tunnel  effected, 
the  progress  of  the  road  lay  on  easier  lines  for  some  80  miles.  The 
Monongahela  River  was  crossed  by  a  bridge  of    three  spans  of  200 
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feet  each.  The  masonry  of  the  piers  and  abutments  of  this  bridge 
were  entrusted  to  our  late  member,  Mr,  James  L.  Randolph,  who  was 
the  division  engineer,  the  sujDerstructure  being  designed  by  Mr.  Fink. 

At  Board  Tree  Tunnel,  about  164  miles  west  of  Cumberland,  was 
encountered  another  temjaorary  delay  by  reason  of  the  failure  or 
inefficiency  of  the  contractors.  Here,  Mr.  Latrobe  again  determined 
to  avail  of  a  temporary  crossing  over  the  top  of  the  hill.  This  time 
the  maximum  gradient  was  6  per  cent.  The  crossing  was  effected  by 
a  series  of  zigzags,  or  switchbacks,  two  on  one  side  of  the  hill  and  five 
on  the  other.  The  topography  was  such  that  there  were  two  ciirves 
on  the  line  of  180  degrees  and  more  of  continuous  curvature  in  one 
direction ;  the  limiting  radius  was  300  feet.  Mr.  Latrobe  has  himself 
so  well  described  this  crossing  that  I  Avill  not  repeat  it  here  at  length. 
This  temporary  road  was  most  successfully  worked  for  some  five  or 
six  months.  Beyond  this  point  for  36  miles  to  its  terminus  at  Wheel- 
ing there  are  no  features  of  special  interest  which  I  now  recall.  The 
last  rail,  completing  the  track  to  that  point,  was  laid  on  the  eve  of 
Christmas,  1852,  and  early  in  the  next  month,  January,  1858,  the 
formal  opening  of  the  road  to  Wheeling  took  place. 

And  now,  ere  closing  an  address  which  has,  I  fear,  already  taxed 
your  patience  too  severely,  I  will  say  a  word  or  two  of  the  man  who 
brought  this  great  work  to  a  conclusion.  Mr.  Latrobe  was  identified 
with  the  Baltimore  and  Ohio  Eailroad  almost  from  the  very  begianing. 
He  had  been  intended  for  the  law,  but  after  completing  his  course  of 
study,  and  being  admitted  to  the  Maryland  bar,  concluded  that  railway 
engineering  was  more  to  his  taste.  He  entered  the  service  as  an  assist- 
ant to  Mr.  Knight,  and  I  am  quite  satisfied  that  Mr.  Knight  in  all 
his  career  never  had  a  more  faithful  one.  None  could  have  been  more 
loyal  than  he,  and  when  he  was  no  longer  an  assistant,  but  himself 
the  chief,  his  modesty  was  as  marked  as  before. 

While  his  was  the  mind  which  planned  and  directed  all,  one  might 
have  supposed  that  the  ideas  emanated  from  the  assistants,  so  ready 
was  he  to  give  them  credit  for  their  well-executed  details.  He  took 
pride  in  the  work  with  which  he  had  been  so  long  identified.  He 
never  could  have  accepted  a  retainer  to  oiipose  its  interests  whether 
he  was  on  its  i)ay-roll  or  not.  He  left  behind  him  in  that  portion  of 
the  Baltimore  and  Ohio  Railroad  which  he  built,  a  monument  to  his 
professional  skill;  and  in  the  hearts  of  his  assistants,  a  loving  remem- 
brance not  soon  to  be  effaced. 
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SOME  NOTES  ON  THE  HOLLAND  DIKES. 


By  WiLiiiAM  Staklikg,  M.  Am.  Soc.  C.  E. 


WITH  DISCUSSION. 


In  1889  the  author  spent  a  few  days  in  Holland,  and  was  much  im~ 
pressed  by  the  engineering  marvels  that  he  saw.  The  time  was  too  short 
and  his  acquaintance  with  the  country  too  superficial  to  make  his  visit 
of  any  profit.  He  determined,  however,  to  avail  himself  of  the  first  op- 
portunity for  another  visit.  With  this  view,  after  acquiring  a  little  knowl- 
edge of  the  Dutch  language,  he  had  some  correspondence  with  acquaint- 
ances in  Holland,  and  read  a  few  books  that  were  recommended  to  him. 
That  which  he  most  desired  to  stiidy  was  the  dike  system.  Information 
was  sought  especially  on  the  following  points: 

Sinking  and  permeable  foundations  ;  bad  material ;  prevention  of 
leakage  under  the  dike  ;  dimensions  compatible  with  safety  ;  use  of  cul- 
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verts  tlirongli  dikes  ;  protection  against  storms  ;  causes  of  breaks  ;  speci- 
fications of  work ;  experience  with  outlets  ;  methods  of  administration. 

A  second  visit  was  paid  during  the  summer  of  1891.  All  these  sul)- 
jects  were  examined  to  some  extent,  and  more  or  less  information  will  l)e 
found  about  them  in  the  following  pages.  The  author  found  the  Dutch 
engineers  both  intelligent  and  courteous.  He  is  under  particular  obli- 
gations to  Mr.  W.  F.  Leemans,  The  Hague,  Chief  Engineer  in  charge  of 
the  Great  Rivers  ;  C.  F.  M.  H.  Schnebbelie,  Bois-le-Duc,  Chief  Engi- 
neer in  charge  of  the  New  Maas  Mouth  ;  Mr.  Wishoom,  his  assistant  ; 
Mr.  P.  H.  KemjDer,  Utrecht,  Engineer  of  the  Merwede  Canal ;  Mr.  Koole, 
Resident  Engineer  of  the  Westkapelle  Dike ;  Mr.  H.  E.  Bruyn,  of  the 
"Waterstaat  office,  at  The  Hague,  and  Mr.  J.  J.  L.  Bourdrez,  of  Middel- 
burg,  Zeeland,  student  of  Engineering  at  the  Polytechnic  College  at 
Delft.  All  these  gentlemen  took  particular  pains  to  supply  him  with 
information,  at  the  cost  of  some  trouble  to  themselves. 

The  author  visited  some  of  the  most  remarkable  seaworks,  which 
filled  him  with  admiration,  but  also  with  despair,  as  there  seemed  hardly 
a  possibility  of  ever  being  able  to  imitate  them.  What  interested  him 
particularly  were  the  river  dikes,  from  their  close  analogy  to  those  of  our 
own  country,  and  it  was  those,  accordingly,  that  received  most  of  his 
attention.  The  Dutch  have  had  the  same  problems  to  solve  as  we,  and 
a  study  of  their  methods,  a.lopted  after  a  long  experience,  ought  to  be 
of  some  profit  to  us. 

The  country  which  we  call  Holland  is  denominated  by  its  inhabitants 
the  Netherlands  or  the  Low  Countries — the  name  Holland  being 
restricted  properly  to  the  two  provinces  of  North  and  South  Holland. 
While,  on  the  whole,  a  flat  region,  it  is  not  uniformly  so.  It  consists  of 
two  separate  divisions,  of  different  geological  periods,  and,  of  course, 
diverse  ia  their  types.  One  is  strictly  alluvial,  that  is,  it  was  formed 
while  man  was  on  the  earth  ;  the  other  is  pre-alluvial,  though  still 
belonging  to  the  Quaternary  epoch.  Briefly,  the  two  divisions  may  be 
called  uplands  and  lowlands.  The  uplands  comprise  about  41  per  cent, 
of  the  whole  surface  of  the  Netherlands. 

The  lowlands  are  not  themselves  of  uniform  constitution.  They  were 
formed  in  different  ways,  ai'e  comjiosed  of  dift'erent  ingredients,  and 
their  history,  up  to  the  present  time,  is  altogether  dissimihir.  Part  was 
formed  by  deposit  from  the  sea,  part  from  the  great  fresh- water  rivers,  and 
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part  from  the  decay  of  forests  and  swamp-growtlis.  The  couseqiience  is 
that  the  lowlands  are  composed  of  strata  of  clay,  sand  and  peat,  the 
jiroportions  and  relative  situation  of  each  varying  according  to  locality. 
Saud  and  clay  arc  found  everywhere,  sometimes  the  one  and  sometimes 
the  other  being  the  predominant  constituent.  Peat  is  often  absent  alto- 
gether, generally  ai^pearing  at  the  surface,  and  sometimes  below  the  sur- 
face, at  variable  distances. 

Peat  is  a  rotten,  sjiongy  and  very  compressible  soil,  which  retains 
and  transmits  water,  and  in  its  natural  state  is  not  suitable  for  cultiva- 
tion. An  artificial  sod  may  be  created  on  the  top  of  it  by  continued 
labor,  idantiug,  jiasturing  and  manuring,  and  some  very  good  lands 
have  been  formed  in  this  way.  In  the  greater  number  of  cases,  however, 
the  peat  has  been  cut  away  altogether,  to  the  depth  of  perhaps  6  feet 
or  more,  until  the  solid  clay  was  reached.  This  generally  underlies  the 
peat,  forming  a  stratum  of  variable  thickness.  It  is  very  rich  and  not 
very  stifif,  and  when  treated  in  the  thoi'ough  manner  which  the  Dutch 
farmers  practice,  it  makes  a  soil  of  incomparable  fertility. 

The  alluvial  land,  being  produced  by  deposit  from  existing  rivers 
and  existing  seas,  the  level  of  which,  relatively  to  the  land,  has  not 
materially  changed,  cannot  be  built  up  by  such  deposit  to  the  highest 
mark  of  these  waters,  and  must,  hence,  be  liable  to  overflow  in  time  of 
flood  or  storm.  Still  more  mxist  this  be  the  case  when  the  surface  strata 
have  been  removed  to  a  considerable  depth.  In  order,  therefore,  that 
cultivation  may  be  continuous  and  safe,  and  that  improvements  may  be 
fearlessly  undertaken  and  habitations  constructed,  the  land  must  be  pro- 
tected from  inundation.  It  is  well  known  that  this  has  been  effected  in 
Holland  by  its  famous  system  of  dikes. 

Dikes,  in  one  form  or  another,  have  existed  in  Holland  from  a  very 
early  time,  but  the  beginnings  of  the  present  system  are  said  to  date 
back  to  about  the  thirteenth  and  fourteenth  centuries.  In  the  fifteenth 
century  (1421)  a  terrible  storm  carried  away  the  sea-dikes  for  a  great 
distance,  destroyed  seventy-two  towns  and  villages,  inundated  200  000 
acres  of  land,  and  is  said  to  have  cost  the  lives  of  100  000  people.  It 
gave  an  entirely  new  conformation  to  the  Lower  Rhine  and  Maas,  con- 
verting an  inhabited  district  into  a  great  swamp,  which  has  only  lately 
been  partially  reclaimed.  The  "Saint  Elizabeth's  Flood,"  as  it  is 
called  from  the  day  of  its  occurrence  (the  18th  of  November),  is  thus  an 
important  date  in  the  hydrographic  history  of  Holland. 
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In  taking  measures  for  defense  against  the  external  waters,  it  is  clear 
that  the  most  dangerous  and  pressing  enemy  is  the  sea.  A  great  part 
of  the  Netherlands  is  directly  exposed  to  its  attacks.  North  Holland 
is  simply  a  narrow  peninsula,  with  the  sea  on  both  sides.  Friesland, 
Groningen,  Gelderland  and  Utrecht,  border  on  the  Zuider  Zee.  South 
Holland  and  Zeeland  abut  directly  on  the  North  Sea.  Much  of  the 
country  is  below  low  tide,  nearly  all  below  mean  flood.  Storms  would 
cause  the  waves  to  sweej)  over  the  whole  land,  and  the  damage  that 
they  would  do  is  best  shown  by  the  frightful  ravages  which  they  have 
committed  in  the  past.  The  first  and  all-essential  provision  is  then 
to  be  made  against  the  sea. 

Holland  is  intersected  by  five  large  rivers — three  branches  of  the 
Rhine,  the  Maas  and  the  Schelde.  Of  these,  the  last  is  hardly  a  Dutch 
river  at  all,  as  it  barely  enters  the  territory  of  the  Netherlands  with  its 
estuaries.  The  others  have  almost  all  of  their  alluvial  part  in  that 
kingdom.  It  is  impracticable  to  shut  off'  these  rivers  from  the  sea. 
They  are  too  large.  It  would  be  practicable  to  dam  them,  but  so  great 
is  the  volume  of  water  which  they  discharge  that  it  would  be  well-nigh 
impossible  to  keep  them  diained.  Sluices  could  hardly  be  built  large 
enough  to  carry  off  their  waters  into  the  ocean  at  low  tide,  and  even  if 
this  were  possible,  they  would  have  to  be  drained  by  pumping  at  high 
tide.  Now,  the  greatest  draiuing  machines  in  Holland  have  a  capacity 
of  about  100  000  cubic  meters  per  hour.  The  high- water  discharge  of 
the  smallest  of  the  great  rivers,  the  Maas,  is  more  than  eighty  times 
that  much.  In  time  of  storm,  the  sea  sometimes  remains  at  an  extreme 
height  for  several  days,  and  the  drainage  from  the  river  valleys  would 
accumulate  in  that  time  to  an  amount  Avhich  would  be  almost  as  for- 
midable as  the  sea  itself.  Therefore,  the  mouths  of  the  rivers  must  be 
left  open.  But  if  the  mouths  are  left  open,  the  floods  of  the  ocean  will 
rise  in  them  and  overwhelm  the  lowlands  just  the  same  as  if  they  were 
directly  on  the  sea-coast.  Not  only  so,  but  the  rivers  themselves  are  sub- 
ject to  formidable  freshets,  rising  nearly  as  high  as  the  floods  of  the  sea. 
On  all  these  accounts  the  rivers  must  be  diked,  or  they  will  overflow 
the  land. 

Owing  to  the  flat  slope  of  the  Rhine  flood-plain  and  the  close  prox- 
imity to  tide-water,  the  rivers  show  a  strong  tendency  toward  the  delta 
formation— a  tendency  to  split  and  wander.  Therefore,  especially  in 
the  lower  part  of  their  course,  they  inter-osculate  and  are  united  with 
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one  another  by  a  network  of  small  Avatercourses.  The  Lek  and  the 
Waal  are  united  by  the  Noord  and  the  Botlek.  The  Waal  and  the  Maas 
are  so  close  together  at  Fort  St.  Andries  that  they  have  been  allowed  to 
merge  together  in  time  of  Hood,  and  they  unite  at  Woudrichem.  By 
these  larger  aud  smaller  streams  the  fluvial  part  of  the  Netherlands  is 
divided  into  a  number  of  islands,  each  of  which  hus  to  be  completely 
enclosed  by  a  ring  dike.  Of  these  islands  some  are  large  and  some 
small.  The  portion  of  North  Holland  lying  north  of  the  Y — now  the 
North  Sea  Canal — is  an  island.  So  is  the  still  greater  territory  com- 
posed of  portions  of  North  Holland,  South  Holland,  Utrecht  and  Gelder- 
land,  bounded  on  the  north  by  the  Y  and  the  Zuider  Zee,  on  the  east  by 
the  Yssel,  on  the  south  by  the  Lek  and  its  continuations,  and  on  the 
west  by  the  German  Ocean.  A  very  important  island  is  included  be- 
tween the  Lek  and  the  Waal,  from  their  point  of  separation,  and 
bounded  on  the  west  by  the  Noord,  and  comprehending  the  districts 
called  the  Over  Betuwe,  the  Neder  Betuwe,  the  Land  van  Buren,  the 
Land  van  Culemborg,  the  Tielerwaard,  the  Vi^fheerenlanden  and  the 
Alblasserwaard  (see  Plate  LIV).  Being  completely  inclosed  by  dikes, 
these  tracts  can  have  no  natural  drainage.  They  must  either  discharge 
their  rain  water  through  sluices  into  the  rivers  or  the  sea,  if  the  latter  be 
low,  or  be  pumped  out  if  the  external  water  be  higher  than  the  internal. 
In  point  of  fact,  both  these  systems  have  to  be  resorted  to.  As  the 
several  portions  of  each  inclosed  island  are  of  different  elevations,  some 
being  one  foot  below  mean  flood  and  some  fifteen  or  twenty,  the  lowest 
tracts  are  usually  themselves  diked  in.  Moreover,  as  precautions 
against  possible  breaches  in  the  river  or  sea  dikes,  there  are  occasional 
interior  lines  of  embankment,  dividing  some  of  the  islands  into  sub- 
ordinate districts,  and  serving,  like  the  water-tight  compartments  of  a 
ship,  to  limit  the  extent  of  the  injury. 

Dikes  may  therefore  with  proj^riety  be  classified  as  sea  dikes,  river 
dikes  and  internal  dikes. 

First. — The  sea  dikes  are  distinguished  by  their  great  strength.  As 
they  have  to  stand  the  shock  of  very  heavy  waves,  they  must  be  built 
with  a  very  long  slojie — as  this  has  been  found  one  of  the  most  effectual 
safeguards  against  damage  by  breakers.  A  "sea-beach  slope"  of  40  or 
50_to  1  is  of  itself  usually  a  sufficient  jirotection  against  further  cutting. 
Of  course,  it  is  not  i^racticable  to  give  so  flat  a  slojje  as  this  at  all  places, 
or  perhaps  at  any.     The  front  of  the  dike  must  then  be  protected  by 
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artificial  means,  usually  by  stone,  giving,  however,  to  tlie  dike  as  flat  a 
slope  as  possible,  consistently  with  economy — else  the  stone  revetment 
would  have  to  be  too  heavy,  and  would  be  too  precarious.  The  result 
of  endeavoring  to  reconcile  these  two  independent  i^rinciples  has  been 
the  evolution  of  a  cross-section  for  the  sea  dikes  which  combines  some 
features  of  each.  Of  course,  mere  hydrostatic  considerations  are  en- 
tirely lost  sight  of — the  necessity  of  providing  for  wave  wash  making  it 
obligatory  to  adopt  dimensions  several  times  greater  than  the  most 
liberal  allowance  for  mere  pressure  would  prescribe.  Furthermore,  as- 
the  sea  is  raised  by  storms  sometimes  to  a  very  great  height,  there  miist 
be  an  ample  margin  in  this  respect,  the  dikes,  for  complete  safety,  being 
18  or  20  feet  higher  than  mean  flood.  These  extraordinary  dimension& 
are  not  of  universal  application.  On  the  Zuider  Zee,  especially  on 
the  western  shores,  the  exposure  to  storm  and  tide  is  not  nearly  so 
great  as  on  the  North  Sea,  and  the  dikes  are  reduced  in  size  accordingly, 
though  the  smallest  of  them  are  far  larger  than  would  be  required  to 
stand  the  mere  head  of  water  to  which  they  are  subjected. 

Mr.  Caland,  a  well-known  Dutch  engineer,  divides  the  sea  dikes 
into  three  classes,  as  follows  :  Dikes  of  the  first  class,  situated  imme- 
diately on  the  North  Sea,  in  unfavorable  locations,  with  little  or  no 
foreshore,  with  steep  banks,  and  with  a  direction  perpendicular  to  the 
prevailing  (westerly)  winds.  Such  embankments  have  a  crown  of  at 
least  4  meters,  and  a  front  slope  of  at  least  10  to  1,  a  little  convex,  with 
the  lower  portion  somewhat  steeper,  about  6  to  1,  protected  by  a  heavy 
stone  pitching.  Dikes  of  the  second  class,  lying  further  inland  (the 
shores  of  Friesland  and  Groningen),  or  at  the  mouths  of  gi-eat  rivers. 
The  crown  of  these  is  at  least  3.5  meters,  and  the  front  slope  6  to  1. 
Dikes  of  the  third  class,  still  less  exposed,  not  on  the  North  Sea,  with  a 
crown  of  at  least  2  or  2.5  meters,  and  a  front  slope  of  3  or  4  to  1.  All. 
these  dikes  have  a  back  or  land  slope  of  at  least  2  to  1,  an  inner  berm 
or  banquette  of  4  to  10  meters,  and  an  outer  berm  somewhat  sloping  in 
profile,  and  generally  carried  up  one  or  two  feet  above  ordinary  flood 
tide.  Dikes  of  the  first  and  second  classes  are  often  built  higher  on  the 
outside.  The  road  is  then  placed  lower  down,  on  the  back  slope. 
Sometimes  the  outer  slops  is  made  concave,  instead  of  convex,  so  as  to 
give  the  stone  pitching  a  flatter  slope.  A 

These  remarks  of  Mr.  Caland  were  made  many  years  ago,  and  it 
is  believed  the  dimensions  now  in  vogue  greatly  exceed  those  given, 
above.     The  iiuthor  is  sure  that  this  is  the  case  with  all  seen  by  him. 
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Not  all  of  the  sea-coast  needs  artificial  protection  against  inundation. 
The  western  shores  are  naturally  defended,  in  a  great  measure,  by  a 
chain  of  dunes  or  sand-hills  extending,  -with  little  interruption,  from  the 
Helder,  the  northern  extremity  of  the  peninsula  of  North  Holland,  to 
the  mouth  of  the  Maas,  near  Rotterdam.  Dunes  also  exist  on  the  west- 
ern coasts  of  the  islands  of  South  Holland  and  Zeeland.  They  are 
heaped  np  by  the  action  of  the  winds,  like  snow-drifts,  and  are  subject 
to  gradual  and  continual  migration  inland,  from  the  same  cause  which 
created  them.  Similar  phenomena  are  common  on  other  sea-coasts, 
notably  on  the  eastern  shore  of  our  own  continent,  where  the  landward 
movement,  apparently  almost  irresistible,  has  done  serious  damage 
and  threatens  more.  In  Holland  the  natural  mobility  of  the  sand  has 
been  counteracted,  to  a  great  extent,  by  planting  the  seaward  slopes  of 
the  dunes  with  a  species  of  reed  grass  {A r undo  arenacea),  locally  called 
helm.  This  takes  root  even  in  pure  sand,  and  holds  the  material  in 
place.  It  is  planted  in  tufts  about  2  feet  apart.  The  few  points  on  the 
western  coast  where  the  dunes  are  missing,  the  western  shores,  and  most 
of  the  eastern,  of  the  Zuider  Zee  (the  exceptions  being  where  the  up- 
lands abut  directly  upon  the  water)  are  protected  by  dikes. 

It  may  be  mentioned,  in  this  connection,  that  the  term  dike  is  gen- 
erally applied  by  the  Dutch  only  to  works  of  i^rimary  importance, 
intended  to  keep  out  sea  or  river  water,  or  which  have  at  some  time 
served  such  a  purpose.  Embankments  of  inferior  grade  usually  go  by 
the  name  of  kaden  or  quays.  The  subject  of  protection  against  winds 
and  waves  will  be  discussed  at  greater  length  hereafter. 

Second. — In  considering  the  rivers  of  Holland,  the  reader  will  prob- 
ably have  to  reconstruct  his  map  of  the  Netherlands.  Take  an  ordinary 
atlas  and  see  the  delineation  of  the  water  courses  of  this  kingdom.  You 
see  that  at  Pannerden  the  Rhine  splits  into  two  branches,  the  Waal  and 
the  Neder-Ryn.  Near  Arnhem  the  Neder-Ryn  is  again  divided,  the 
Yssel  of  Gelderland  (so  called  to  distinguish  it  from  another  water-course 
further  down,  the  Yssel  of  Holland)  diverging  toward  the  north  and 
emptying  into  the  Zuider  Zee — the  other  branch  pursuing  its  way,  under 
difterent  names,  toward  the  west,  past  Rotterdam.  It  is  still  the 
Neder-Ryn  until  it  reaches  "Wyk-by-Duurstede,  where  (on  the  map)  it 
puts  forth  another  branch  called  the  Kromme  Ryn,  which  seems  to  run 
past  Utrecht  and  Leyden  to  the  sea  at  Katwyk,  becoming  successively 
the  Oude  Ryn  and  the  Leidsche  Ryn  in  its  course.      At  Vreeswyk,  the 
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Neder-Ryn  again  sends  forth  tlie  Vaartsche  Ryn,  meeting  the  Kromme 
Eyn  at  Utrecht,  and  the  Hollandsche  Yssel,  which  seems  to  run  past 
Gouda,  and  to  re-enter  the  parent  stream  just  above  Rotterdam,  thus 
forming  an  island.  At  Utrecht,  the  Kromme  Ryn  loses  a  part  of  its 
water  to  the  Vecht,  discharging  into  the  Zuider  Zee.  In  the  same  basin 
appear  the  Amstel  and  its  tributaries,  also  emptying  into  the  Zuider 
Zee,  and  in  North  Holland  the  Y,  which  appears  to  be  the  drain  of  a 
chain  of  lakes  lying  north  of  Amsterdam. 

Now,  this  does  not  in  the  least  convey  a  correct  idea  of  the  present 
situation.  Of  the  streams  named  above,  three  alone  are  living  rivers, 
having  an  unobstructed  course  to  the  sea.  These  are  the  Yssel  of  Gelder- 
land,  the  Lek  and  the  Waal.  All  the  rest  have  long  since  been  cut  off 
from  all  connection  with  the  main  river  by  dams,  and  have  also  been 
dammed  at  their  lower  ends,  converting  them  into  pools  or  canals. 
Some  of  them  have  been  dammed  several  times,  dividing  them  into 
different  levels.  They  are  used,  in  this  condition,  for  several  purposes. 
The  dams  are  pierced  by  locks,  thus  still  allowing  them  to  be  used  for 
navigation,  and,  in  fact,  making  them  more  serviceable  for  that  end.  The 
water  is  maintained  at  a  high  level,  enabling  them  to  be  employed  as 
reservoirs  for  irrigation  and  for  the  supply  of  water  for  stock  and  for 
drinking.  By  means  of  powerful  pumping  apparatus,  water  is  brought 
into  the  elevated  pools  from  the  lower  lying  adjacent  fields,  and  they 
thus  serve  for  drainage.  To  accomplish  these  different  purposes,  their 
beds  have  been  enlarged  in  two  different  ways.  They  have  been  deep- 
ened by  dredging  and  the  banks  have  been  raised  by  dikes.  Their 
storage  capacity  has  thus  been  greatly  increased,  and  their  usefulness 
for  navigation  multiplied  many  times.  They  have  been  connected  with 
one  another  by  canals,  forming  a  vast  network  of  water-courses,  all  under 
perfect  control,  and  all,  except  the  main  rivers,  perfectly  stagnant.  The 
usefulness  of  the  high-water  level  will  be  more  jslainly  seen  hereafter. 
Suffice  it  to  say  now  that  it  serves  the  purposes,  first,  of  giving  greater 
capacity;  second,  of  furnishing  water  to  the  higher  lying  lands;  and 
third,  of  affording  drainage,  in  a  natural  way,  into  the  sea  at  ebb-tide, 
or  into  the  main  rivers. 

The  three  rivers  just  named,  arms  of  the  Rhine,  are  of  very  different 
sizes.  The  Y'^ssel  carries  about  one-ninth  of  the  total  discharge,  the 
Lek  two-ninths,  and  the  Waal  two-thirds.  They  are  all  diked  on  both 
sides  during  their   course    through  alluvial  ground,    which  is   about 


STARLING   ON   THE  HOLLAND   DIKES.  567 

equivalent,  roughly  speaking,  to  their  course  from  the  first  point  of 
separation,  namely  Pannerden,  below  Emmerich,  to  their  mouths.  The 
Maas  is  diked,  with  some  exceptions  to  be  noted,  from  about  Mook,  a 
little  above  Grave,  to  near  Woudrichem,  where  it  empties  into  the 
Waal.  (See  Plate  LIV.)*  The  Schelde  is  diked  from  above  Antwerp. 
Very  little  of  this  river,  however,  is  in  Holland. 

The  river  dikes  are  much  less  massive  than  the  sea  dikes,  and  are 
of  very  variable  dimensions,  according  to  the  material  of  which  they  are 
built,  the  foundation  on  which  they  rest,  the  extent  and  value  of  the 
country  which  they  protect,  the  resources  of  the  local  organizations 
which  maintain  them,  and  many  other  considerations.  They,  also,  like  the 
sea  dikes,  are  exposed  to  wave  action.  The  rivers  are  wide  and  have 
long  bends,  through  which  the  winds  have  full  sweep.  The  destructive 
force  of  the  wind  is  found  to  be  siiecially  great  when  it  blows  up  stream. 
It  is  necessary  then  to  make  provision  against  this  danger.  River  dikes 
are  exposed  to  other  i^erils,  some  general  to  all  dikes,  some  jjeculiar  to 
rivers,  some  incident  to  particular  rivers,  which  cause  them  to  be  built 
in  forms  very  different  from  those  which  might  have  been  expected. 

The  sea  dikes  are  constructed  of  such  superfluous  strength  that  they 
are  not  generally  instructive  as  a  study.  The  river  dikes  have  not  been 
built  with  the  same  lavish  expenditure.  They  bear  the  marks  of  having 
been  evolved  by  a  gradual  jirocess  from  small  beginnings,  and  it  is  evi- 
dent that  economy  has  been  studied  in  their  construction  and  mainten- 
ance. For  these  reasons  and  also  because  they  were  closely  analogous 
to  those  which  the  author  had  to  look  after  at  home,  he  gave  them 
much  more  attention,  and  inspected  considerable  stretches  of  them 
personally. 

Before  proceeding  to  the  consideration  of  the  river  dikes  as  they 
actually  exist,  it  will  be  proper  to  examine  a  little  the  principles  of  dike 
building.  In  Holland,  all  elevations  are  referred  to  "Amsterdam 
Datum,"  expressed  by  the  abbreviation  "A.  P."  (Amsterdamsch  Peil). 
It  is  supposed  to  have  indicated  mean  flood  at  Amsterdam  when  the  Y 
was  open.     The  Y  is  now  a  part  of  the  North  Sea  Canal  and  is  dammed 

*  This  plate  is  a  copy  of  the  map  of  the  "  Eivers  of  the  Netherlands,"  appended  to  the 
pamphlet  entitled  "  Les  Voies  de  Navigation  dans  le  Koyaume  des  Pays-Bas,"  published 
under  the  auspices  of  the  Dutch  Government,  for  the  Manchester  Congress  of  Internal  Navi- 
gation, in  l)r90.  The  figures  indicate  elevations  above  Amsterdam  Datum.  The  letters  d 
and  k,  prefixed  to  figures,  mean  dike  and  kade.  Where  no  letters  are  prefixed,  the  elevation 
is  that  of  the  natural  surface. 
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off  at  both  ends.  This  mean  flood  height  is  shown  by  a  certain  bolt  in 
the  front  wall  of  the  Bourse  at  Amsterdam,  and  also  by  two  other  bolts 
in  difierent  parts  of  the  city.  Other  data  are  high  water  (H.  W.),  low 
water  (L.  W.)  and  "Mean  Eiver"  (M.  E.).  This  last  signifies  the  mean 
of  the  stages  from  May  1st  to  October  31st  (the  six  summer  months), 
for  the  last  decennium  that  ended  in  a  multii^le  of  10 — for  instance, 
from  1880  to  1890. 

It  might  be  supposed  that  the  rules  prescribed  for  the  construction 
of  earthen  reservoir  walls  would  be  applicable  to  dikes,  but  it  is  not  so. 
There  are  local  and  economical  considerations  which  forbid  the  use  of 
the  precautions  usually  taken  with  reservoir  embankments  and  necessi- 
tate the  employment  of  others  in  their  stead.  Dikes,  in  short,  are 
cheap,  low  and  very  long  reservoir- walls,  designed  to  contain  water  for 
a  limited  time.  They  cannot  generally  be  built  on  firm  or  impervious 
foundations  and  must  be  made  of  the  material  which  is  closest  at  hand, 
which  may  be  good  or  bad,  but  which  is  usually  abundant.  They  are 
almost  always  placed  directly  upon  the  surface  of  the  ground.  In  other 
words,  both  the  embankment  itself  and  its  foundation  must  depend 
upon  the  constantly  varying  nature  of  the  soil.  These  are  the  ruling 
conditions  to  which  the  construction  must  conform.  The  alluvial  soil 
of  Holland,  like  any  other  alluvium,  is  composed  of  strata  of  various 
qualities  of  earth,  differing  in  density,  in  tenacity,  and  in  their  capability 
of  being  made  Avater-tight.  All  natural  soils  are  more  or  less  porous  and 
transmit  water  pretty  freely;  but  some  still  retain  their  quasi-fibrous 
texture,  and  have  their  tenacity  not  impaired,  or  at  least  destroyed,  by 
being  infiltrated.  Others  become  entirely  disintegrated,  and  some  almost 
lose  their  solid  quality  and  run  like  a  liquid.  In  consequence  of  their 
porosity,  natural  soils  adjacent  to  water-courses  become  saturated  to  a 
long  distance  and  nearly  to  the  very  level  of  the  water  itself. 

Now,  it  is  perfectly  possible  to  construct  a  good  and  tight  dam  or  dike 
out  of  poor  material,  by  devices  familiar  to  engineers,  such  as  building 
in  thin  layers,  rolling,  watering,  ramming  or  tamping,  puddling,  and 
the  like.  But  if  the  natural  soil  be  porous  to  a  high  degree,  there  will 
be  leakage  under  the  embankment  to  an  extent  which  may  be  very  in- 
convenient and  even  extremely  dangerous.  The  water  which  thus 
transjjires  through  the  soil  is  called  by  the  Dutch  "leak-water,"  and  by 
the  Americans  of  the  Mississii)i3i  Valley  "sipe-water"  (pronounced 
seep).     It  is  sometimes  enormous  in  quantity.     If  the  soil  be  of  a  fibrous 
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and  tenacious  kind,  so  that  a  certain  continuity  and  colierency  are  pre- 
served even  in  a  moist  or  wet  state,  the  evil  will  probably  be  confined  to 
mere  leakage,  which  will  be  embarrassing  or  damaging  in  jsroiiortion  to 
its  quantity,  its  duration  and  the  means  of  getting  rid  of  it  by  drainage. 
But  if  the  soil  be  composed  of  loose  and  independent  particles  of  small 
size,  it  may  become  exceedingly  unstable  and  even  mobile  when  saturated 
with  water.  A  fibrous  or  honeycombed  soil,  though  never  so  porous, 
yet  presents,  as  it  were,  a  network  of  capillary  tubes,  which  aflford  a 
strong  frictional  resistance  to  the  flow  of  water  and  diminish  the 
hydraulic  head  by  so  much.  But  earths  of  the  second  kind  permit 
their  particles  to  be  perfectly  enveloped  by  the  liquid  and  Leld  in  sus- 
pension by  it,  in  proportion  to  their  smallness  and  lightness,  perhaps 
also  to  the  cohesive  union  between  the  water  and  the  particles,  which  is 
different  in  different  earths.  Hence  result  a  variety  of  treacherous  and 
semi-fluid  soils,  commonly  classified  together  as  "  quicksands,"  which 
instead  of  remaining  in  place  and  resisting  the  passage  of  water,  are 
actually  carried  by  it  and  are,  as  it  were,  incorporated  with  it.  It  follows 
that  such  soils  will  transmit  the  pressure  of  the  external  water  with 
comparatively  small  loss.  It  is  evident  that  if  the  water  stand  very  high 
against  the  embankment,  the  pressure  transmitted  under  the  bank  will 
be  exerted  ujDon  the  layer  of  strong  soil,  if  such  there  be,  overlying  the 
quicksand,  and  if  this  be  thin,  will  "blow  it  up,"  as  it  is  called,  thus 
knocking  the  foundation  from  under  the  dike  or  levee,  and  causing  the 
destruction  of  the  latter,  as  shown  in  the  sketch.     This  is  no  chimerical 


Fig.  1. 
or  merely  speculative  danger,  but  a  very  real  and  threatening  one.  The 
five  breaks  which  took  place  in  the  Mississippi  Levee  District  in  1890, 
are  believed  all  to  have  been  due  to  this  cause,  and  in  "  water- turning  " 
constructions  of  all  kinds  in  Holland,  extraordinary  precautions  are 
taken  against  it. 

There  are  other  considerations  connected  Avith  the  existence,  under 
the  dike,  of  a  semi-fluid  mass,  that  deserve  attention.  "If  a  suflicient 
quantity  of  water  finds  its  way  into  the  center  of  a  bank  that  has  been 
put  together  in  a  comparatively  dry  state,  it  will  rise  and  soak  into  the 
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earth  until  at  length  what  was  a  solid  mass  becomes  semi-fluid,  settles 
into  a  smaller  space  than  it  before  occupied,  and  as  a  consequence  will 
leave  a  vacuity  above  it.  The  inevitable  result  is  the  subsidence  of  the 
superincumbent  earth;  but  instead  of  resting,  as  at  first,  on  a  resisting 
material,  it  floats,  so  to  speak,  on  the  semi-fluid  mass  underneath,  and 
having  little  or  no  friction  to  overcome,  slips  away  to  a  lower  angle  than 
it  before  stood  at.  "*  In  the  construction  of  great  dams  for  reservoirs  and 
the  like,  provision  is  made  against  this  danger  by  carrying  the  work 
down  to  bed-rock  or  at  least  to  impermeable  strata.  This  is  not  possible 
in  dikework,  because  dikes  are  nearly  always  built  in  allu^dal  soils, 
Tfhere  rock  is  at  an  infinite  dejDth,  and  even  impermeable  strata  may  lie 
so  far  beneath  the  surface  as  to  be  practically  inaccessible  when  econom- 
ical conditions  are  considered.  Nevertheless,  if  such  precautions  are  in- 
dispensable to  safety,  they  must  be  taken,  at  whatever  expense,  or  the 
dike  system  abandoned.  Fortunately,  means  have  been  found  of  dis- 
pensing Avith  deep  foundations,  considering  that  dikes  are  usually  of 
very  moderate  height,  and  the  head  consequently  not  excessive  and  of 
only  temporary  duration. 

For,  first,  it  is  not  by  any  means  universally  the  case  that  sandy 
strata  exist  at  a  short  distance  below  the  surface.  It  is  obvious  that  if 
the  top  stratum  of  clay  or  strong  loam  be  of  tolerable  thickness,  say  6 
feet,  it  would  balance  a  hydrostatic  pressure  of  double  that  height,  and 
by  so  much  the  more  a  hydraulic  pressure,  diminished  by  friction  and 
fall.  If,  therefore,  the  water-bearing  stratum  be  deep  and  the  dike  not 
very  high,  an  embankment  strong  enough,  in  itself,  may  also  be  safe 
from  beneath. 

Secondly,  if  the  stratum  from  which  danger  is  apprehended  lie 
close  to  the  surface,  it  is  clear  that  the  thinness  of  the  strong  top  soil 
may  be  supplemented  by  artificial  means.  To  this  end,  a  layer  of  several 
feet  of  earth  may  be  placed  upon  the  natural  surface  on  the  inner  or 
land  side  of  the  dike,  to  serve  as  a  counterpoise  to  the  column  of  exter- 
nal water.  As  to  the  dimensions  of  this  banquette,  as  it  is  usually 
called,!  it  is  hard  to  lay  down  any  rule.  It  is  a  matter,  in  fact,  that  has 
been  regulated  wholly  by  experience.     It  will  be  seen  that  the  width,  no 

*  "  Jacobs  on  Storage  Keaervoirs,"  page  84,  Van  Nostrand's  Science  Series. 

t  The  Dutch  call  it  merely  a  binnenierm,  or  inner  berm,  but  it  seems  desirable  to  make 
a  distinction  between  a  berm,  which  is  properly  a  portion  of  the  natural  ground  left  un- 
touched, and  a  piece  that  is  artificially  raised  above  the  surface. 
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less  than  the  height,  has  to  be  considered .  The  upward  i^ressure  of  the 
■water  in  the  soil  extends  to  an  indefinite  distance,  but,  Avhen  far  removed 
from  its  source,  is  so  diminished  by  friction  and  fall  that  it  ceases  to 
be  dangerous.  It  will  also  be  evident  that  a  banquette,  or  an  extension 
of  the  base,  on  the  front  or  water  side  of  the  dike,  will  be  serviceable  to 
this  end,  by  removing  the  source  to  a  greater  distance.  Thus,  by  adding 
the  exterior  banquette  A,  B,  G,  D,  we  have  transferred  the  maximum 
head  from  A  to  B,  and  have  thus  given  the  subterranean  current  a 


Fig.  2. 
longer  distance  to  traverse.  Accordingly,  we  find  numerous  instances 
of  both  interior  and  exterior  banquettes  on  the  Holland  dikes,  of  all 
possible  dimensions,  from  3  to  10  feet  high,  and  from  20  to  100  feet  in 
extreme  width.  The  inner  banquette  is  by  far  the  predominant  form, 
and,  in  fact,  if  there  is  only  one,  it  is  almost  always  on  the  land  side — the 
outer,  if  any,  being  added  as  a  supplement  or  additional  safeguard.  The 
new  South  Linge  dike  contains  several  banquettes  of  the  largest  dimen- 
sions. Their  cross-section  is  usually  a  long  convex  segment,  the  extreme 
altitude  being,  ijerhaps,  from  one-fifth  to  one-tenth  of  the  base. 

In  place  of  a  banquette,  a  somewhat  ingenious  device  is  occasionally 
employed,  evolved  by  necessity  or  emergency,  doubtless,  during  the 
high-water  season,  as  it  has  been  on  the  Mississippi.  A  low  interior 
bank  is  thrown  up,  at  a  distance  of  20  or  30  feet  or  more  from  the  main 
dike,  and  connected  with  the  latter  by  wings,  thus  forming  an  inclosed 
sjsace,  which  is  allowed  to  fill  with  sipe  water.  The  latter  exerts  a  cer- 
tain counter-pressure  against  the  external  river  water,  thus  relieving  the 
main  dike  of  a  part  of  the  lateral  strain  and  also  the  weak  interior  berm 
of  a  part  of  the  upward  pressure.  This  is  a  very  common  device  in 
America,  especially  for  the  temporary  cure  of  bad  leaks,  and  several  places 
were  seen  where  it  had  been  employed  in  Holland.  The  a,uthor  was  told 
that  it  was  a  well-known  expedient  there. 

It  may  be  a  matter  of  surprise  to  the  reader  that  no  direct  means  have 
been  mentioned  hitherto  of  cutting  ofi"  the  leakage  under  the  dike,  or 
at  least  a  portion  of  it.  Such  means  have  been  tried,  but  their  efficacy 
is  not  universally  admitted.  In  the  Valley  of  the  Mississippi  it  is  the 
almost  invariable  practice  among  the  levee  engineers  to  put  what  they 
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call  a  "muck  ditch"  under  their  embankments,  that  is,  to  excavate  a 
portion  of  the  natural  soil  and  to  replace  it  with  strong  well-tamped 
earth,  clay  if  possible,  thus  causing  a  projection,  as, it  were,  of  the  em- 
bankment into  the  earth,  after  the  manner  of  a  tongue  and  groove  joint. 
The  office  of  this  adjunct  evidently  is  to  supply,  as  far  as  may  be,  the 
want  of  a  foundation  extending  to  an  impermeable  stratum,  and  to  stoi) 
at  least  a  part  of  the  leakage,  by  substituting  a  tight  for  a  porous  soil 
for  a  part  of  the  way.  It  also  gives  the  water  a  somewhat  longer  distance 
to  traverse.  It  is  thought  to  be  especially  ' '  indicated, "  as  the  physicians 
say,  in  sandy  soils,  and  in  those  permeated  by  roots  and  the  like.  Occa- 
sionally, sheet  piling  has  been  used  to  a  limited  extent,  and  it  has  been 
proposed  to  put  in  longitudinal  diaphragms  or  vertical  walls  or  cores  of 
cement  or  concrete.  These  latter  jDrecautions  have  the  fault  of  being 
very  expensive,  and  they  have  never  been  given  a  fair  trial  in  this  country. 
No  more  have  they  in  Holland.  Even  muck  ditches,  though  known  to 
the  Dutch  engineers  under  the  name  of  Klei-Tcisten,  clay  boxings  as  it 
were,  are  not  much  favored  by  them.  They  think  that  they  do  not  go 
deep  enough  to  do  any  material  good,  and  cannot  be  made  to  do  so  with- 
out great  expense.  What  is  the  use,  they  say,  of  going  6  or  8  feet  into 
a  sand  stratum  which  is  20  or  30  feet  thick  ?  Nevertheless,  the  ex- 
perience of  the  American  engineers  is  that  muck  ditches,  when  of  con- 
siderable dimensions,  well  filled  and  tamped,  perform  an  important  part 
in  arresting  sipe  water,  at  least  in  the  immediate  neighborhood  of  the 
dikes,  and  that  is  the  most  dangerous  point.  In  Mississippi,  the  new 
levees,  built  since  the  flood  of  1890,  have  muck  ditches  12  feet  wide  at 
the  top,  6  feet  wide  at  the  bottom,  and  6  feet  deep.  They  were  unusually 
dry  during  the  flood  of  1891,  and  so  was  the  land  behind  them,  though 
previously  well  Inown  to  be  very  much  affected  by  sipage.  The  Dutch 
engineers  themselves  show  that  they  attach  some  consequence  to  this 
principle,  by  adojiting  and  insisting  on  very  similar  precautions  in  the 
case  of  culvert  and  lock  floors,  as  will  be  seen  hereafter.  It  may  be 
noted  here  that  the  Dutch  never  use  a  jjuddle  wall  or  any  similar  device, 
or  any  diaphragm  of  timber,  concrete  or  other  material  in  their  dikes. 
The  immense  dikes  now  building  for  the  new  mouth  of  the  Maas  are 
furnished  for  jjart  of  their  course  with  muck  ditches  of  considerable 
dimensions,  averaging  about  4.5  meters  wide  at  top,  1.5  at  bottom,  and 
3  meters  deep.  For  about  two-thirds  of  the  line,  however,  they  are  not 
used. 
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In  America  our  worst  soil  is  sand.  In  Holland,  what  they  most 
•distrust  is  peat,  or  what  they  call  veen.  This  has  already  been  spoken  of 
as  a  vei*y  light,  I'otten,  compressible  soil,  which  absorbs  water  like  a 
sj^onge,  and  doubtless  transmits  hydrostatic  jjressure  iiretty  freely. 
This  material  is  found  in  strata  of  considerable  thickness,  as  will  appear 
from  the  following  borings  at  Vreeswyk,  on  the  Kiver  Lek  (one  of  the 
branches  of  the  Rhine),  furnished  by  the  courtesy  of  Mr.  Kemper,  one  of 
the  engineers  of  the  Amsterdam-Merwede  Canal.     (See  next  page.) 

It  will  be  seen  that  under  6 . 5  feet  or  so  of  clay  and  mould,  with  a 
little  i^eat,  there  exist  successively  strata  of  3  feet  of  pure  peat,  6 . 5  feet 
of  peat  mixed  with  clay  and  sand,  and  CO  feet  of  sand,  alternately  coarse 
and  fine,  occasionally  mixed  with  a  little  mud  or  giavel.  Accordingly, 
the  dikes  of  the  Lek  are  among  the  most  dangerous  in  Holland. 

In  Baedeker's  "Guide  Book  to  Belgium  and  Holland,"*  it  is  stated  that 
"the  first  care  of  the  constructor  of  dikes  is  to  lay  a  secure  and  massive 
foundation,  as  a  preliminary  to  which  the  ground  is  stamped  or  com- 
pressed in  order  to  increase  its  solidity."  The  author  was  not  able  to 
verify  this  observation,  though  he  questioned  every  engineer  he  met — 
among  them  several  of  acknowledged  eminence.  On  the  contrary,  so  far  as 
<30uld  be  learned,  no  special  pains  are  taken  with  the  foundation  beyond 
the  ordinary  precautions  to  secure  on  intimate  union  between  the  natui'al 
soil  and  the  new  bank — and  the  possible  preliminary  operation  of  dis- 
placing a  stratum  of  peat  by  throwing  in  sand,  as  will  hereafter  be  noticed. 
As  to  the  construction  of  the  dikes  themselves,  there  are  pretty  minute 
directions  in  the  "General  Regulations"  (Algemeene  Voorschriften) 
which  are  published  for  the  guidance  of  contractors  of  all  kinds  of 
work.  There  are  two  sets  of  these,  one  published  by  the  Waterstaat 
and  the  other  by  the  corps  of  military  engineers.  Each  is  a  volume  of 
250  pages  or  so,  and  contains  standing  regulations  for  the  performance 
of  work  of  every  sort.  Each  is  made  a  jiart  of  all  contracts  entered  into 
with  the  respective  organizations  by  whom  they  are  issued.  There  are 
also  many  very  practical  and  useful  precepts  contained  in  the 
'•Manual"  of  Storm-Buysing.f    From  these  sources  principally,  some 

*  Page  xxviii. 

t  D.  J.  Storm-Biiysinp,  Handleiding  tot  de  KenDis  der  Waterbouwkiinde,  voor  de  Kadetten 
van  den  Waterstaat  en  der  Genie.  Breda,  1844-45.  Two  volumes,  with  atlas.  A  later  edition 
was  published  in  1868.  This  work  has  not  been  superseded,  though  it  appeared  so  long  ago, 
and  is  still  the  recognized  aiithority.  There  is  a  vast  encyclopedic  work  in  course  of  publi- 
cation which  will,  however,  eclipse  everything  else — the  "  Waterbouwkunde  "  of  Professor 
Henket  and  others.  Eight  volumes  of  text  and  eight  of  plates  have  already  appeared,  and 
there  are  ten  more  of  each  to  follow.  The  price  will  be  about  $200.  The  Dutch  Waterstaat 
■corresponds  to  the  French  "  Ponts  et  Chaussee?,"  and  the  term  Waterbouwkunde  embraces 
not  only  canals,  dikes,  etc.,  but  roads,  bridges,  railways  and  land  drainage.  Henket's  col- 
lection  has  not  yet  got  bo  far  as  dikes— or  had  not  last  August. 
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remarks  have  been  comijiled  ou  the  construction,  maintenance  and 
defense  of  dikes  which  it  is  hoped  will  be  found  instructive.  Where 
they  are  not  consistent  with  the  present  i^ractice,  so  far  as  this  coiUd  be 
ascertained,  they  have  been  corrected. 

Dikes  should  first  be  high  enough,  that  is,  0.5  to  0.6  meter  above  the 
highest  known  water  mark.  (This  margin  has  been  increased  to  1  meter.) 
They  must  be  strong  enough  to  resist  the  iitmost  force  which  the  water 
can  exert,  and  must  to  this  end  have  the  section  of  a  trapezium,  and 
must  be  composed  of  good,  tenacious  earth,  which  shall  cohere,  not 
only  with  itself,  but  with  the  ground  whereon  the  dike  rests.  The  crown 
may  be  from  0.5  meter  to  8  meters  wide,  the  inner  (or  land  or  back)  slope 
li  or  2  to  1,  the  oiiter  (water  or  front)  slope  from  2  to  8  or  10  to  1,  though 
sometimes  the  back  slope  may  itself  be  flat.  There  should  be  berms 
both  inside  and  outside,  which  should  usually  be  simply  the  natural  sur- 
face, but  which  may  be  partly  artificial,  to  compensate  for  inequalities  of 
the  groiTud.  There  should  be  a  foreshore  of  varying  breadth,  according 
to  the  dimensions  of  the  dike  and  the  nature  and  degree  of  its  exposure. 
For  small  rivers,  the  minimum  may  be  75  meters;  for  great  rivers  and 
for  sea  dikes,  from  150  to  200  meters,  which  may  in  unfavorable  cases  be 
increased  to  375  meters.  Traverses  6  meters  wide  at  the  crown  should 
be  left  across  the  borrow-pits  100  meters  apart,  to  promote  the  siltiug  up 
of  the  pits,  and  to  serve  in  case  of  future  enlargement  and  rejjair. 

The  trace  of  the  new  dike  should  of  course  have  regard  to  economy 
of  material  and  cajjacity  for  protection.  Its  general  direction  should 
run  Dearly  jjarallel  to  that  of  the  stream,  but  should  avoid,  as  much  as 
possible,  exjjosure  to  the  most  destructive  and  jirevailing  winds.  But 
especially  the  fitness  of  the  foundation  should  be  regarded,  and  good, 
high  ground  selected,  free  from  creeks  or  sloughs.  Sharp  angles  are  to 
be  condemned — esi^ecially  re-entering  angles,  because  they  make  basins 
in  which  the  wind  has  full  play  to  raise  the  water.  Where  changes  of 
direction  occur,  they  should  be  made  by  a  curve,  uniting  the  two 
tangents. 

The  criterion  of  height  must  be  the  recorded  elevations  attained 
by  great  floods.  These  are  usually  given  as  in  still  Avater,  and  freed 
from  the  disturbance  of  wave  action.  An  allowance  must  therefore  be 
made  for  this,  varying  according  to  the  exposure,  which  of  course  is 
greatest  for  sea  dikes  and  least  for  rivers.  On  some  of  the  Zeeland 
islands   it  amounts  to   6.5   meters.     At  Westkai^elle  it  is  5.5.     The 
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height  of  waves  is  less  when  there  is  a  broad  foreshore  and  where  the 
water  is  shallow,  and  it  is  less  with  a  flat  than  with  a  steep  slope. 

A  wide  crown  is  an  advantage,  even  though  the  dike  be  not  habitu- 
ally used  as  a  roadway.  In  time  of  danger,  it  may  serve  as  a  means  of 
transport  for  material,  and  esj^ecially  it  may  be  of  incalculable  benefit  in 
case  of  inundation  when  the  ordinary  roads  are  submerged.  We  should, 
therefore,  give  to  the  crown  of  dikes  not  generally  used  as  roads  a 
breadth  of  at  least  3  meters,  and  to  those  which  are  so  used  a  breadth 
of  5  or  6  meters.  (Add  to  this,  that  a  wide  crown  affords  a  base 
whereon  to  put  a  temporary  topping  in  case  of  extraordinary  floods, 
and  also  may  furnish  the  material  for  such  a  work.  It  gives  a  secure 
and  convenient  foothold  for  n:en  engaged  in  high-water  work,  in  pro- 
tecting against  storms  and  the  like — and  affords  space  for  the  storage  of 
brush,  sacks,  wheelbarrows  and  other  high  water  material. ) 

For  the  inner  or  land  slope  no  greater  inclination  is  necessary  than 
that  which  is  demanded  by  the  natural  angle  of  repose  of  the  soil.  [Per 
ccmti'a,  such  slojjes  sometimes  slough,  if  saturated  with  water,  or  if  the 
ground  beneath  them  be  porous  and  wet.)  Nevertheless,  experience 
teaches  that  slopes  of  less  than  2  to  1  are  unfavorable  to  the  growth 
of  grass.     This  ratio  then  is  prescribed. 

If  dikes  had  nothing  but  hydrostatic  pressure  to  stand,  and  if  the 
material  were  uniformly  tenacious  and  sound,  the  dikes  might  have  a 
triangular  cross-section.  But  first,  earthy  materials  are  never  homo- 
geneous, and  the  method  of  construction  does  not  insure  uniform 
density  or  compactness;  and,  secondly,  the  work  has  to  resist  the 
shock  of  waves,  which  is  the  most  common  cause  of  destruction.* 
The  force  of  the  shock  of  water  or  of  floating  bodies,  as  of  ice,  against 
the  slopes  is  in  proportion  to  the  sine  of  the  angle  which  the 
slope  makes  with  the  horizon.  Therefore,  a  flat  slope  withstands  such 
action  better  than  a  steep— which  is  consistent  with  experience.!  Ice, 
however,  is  never  brought  by  low  water,  but  always  by  the  flood. 
Therefore,  the  lower  portion  of  the  slope  may  be  steeper  than  the 
upper.  So,  also,  the  lower  part,  being  much  under  water,  cannot  be 
protected  by  sod,  but  must  be  faced  with  stone  or  other  costly  material. 
Hence,  on  the  score  of  economy,  we  arrive  at  the  same  conclusion. 

This  precept  has  been  carried  into  execution  in  most  of  the  great  sea 


*  Storm-Buysing,  Waterbouwkunde,  i,  359-60. 

■f  Beekman  says  that  flat  slopes  are  a  comparatively  modern  invention.— De  Strijd  cm  het 
Bestaan,  p.  282. 


STARLING   ON  THE   HOLLAND   DIKES.  577 

<like.s  that  were  inspected — the  lower  slope  being  generally  6  to  1  and  the 
upper  slope  broken  into  portions  that  became  gradually  flatter,  till,  in 
ihe  case  of  the  Westkapelle  dike,  they  reach  17  to  1.  Economy  in  the 
use  of  basalt  j^rotection  has  led  to  the  adoption  of  broken  slopes  also  in 
the  case  of  the  river  dikes,  but  here  the  cross-section  is  concave  and  not 
convex,  thus  : 


Fig.  3. 

The  reason  of  this  is  that  by  reason  of  the  rapidity  of  the  rise  at 
Taoderate  flood  stages,  and  of  the  shallowness  of  the  water  at  such  a  stage 
(owing  to  the  foreshore),  the  long  sodded  slope  ^  7>  is  sufficient  up  to 
ihe  i>oint  B.  Briefly,  it  is  found  by  experience,  on  the  Mississippi,  that 
wave-wash  is  mostly  confined  to  2  or  3  feet  below  the  high-water 
line.  Above  mean  flood  the  damage  would  be  severe,  so  here  the  basalt 
revetment  is  placed;  but  to  save  cost  it  is  made  very  steep.  Many  cases 
of  this  kind  were  met.  There  is  generally  a  row  of  small  oaken  jiiles,  called 
jierkoenpalen,  at  the  bottom  of  these  steep  i^itchings  (and  even  when  they 
are  not  so  steep),  to  keep  the  stone  from  sliding.  Sometimes  there  are 
several  rows  of  perkoenpalen  at  intervals  between  the  stones.  As  the 
Dutch  livers  remain  at  extreme  high- water  mark  only  a  day  or  two,  the 
"basalt  revetment  is  not  usually  carried  to  the  top  of  the  slope. 

The  material  of  the  dike  should,  if  possible,  be  clay,  and  should  be 
taken  from  the  outside.  If  clay  cannot  be  had  in  that  situation,  then 
resort  must  be  had  to  the  inside.  Saud  has  little  cohesion  and  does  not 
make  a  strong  and  water-tight  dike.  Peat  has  too  little  specific  gravity, 
often  less  than  water,  and  will  not  answer  well.  Mould  or  arable  ground, 
though  not  so  good  as  clay,  is  far  better  than  sand  or  i)eat,  packs  closely, 
and  is  especially  suitable  for  dressing  slopes  that  are  to  be  sodded,  as 
grass  grows  finely  in  such  soil.  Clay  cannot  usually  be  had  in  suflScient 
■quantity  to  build  the  whole  dike.  It  must  therefore  be  combined  with 
other  material.  This  may  be  safely  done,  provided  the  precaution  be 
taken  to  put  the  best  and  purest  clay  in  and  next  to  the  front  slope, 
while  the  poorer  earth  is  placed  in  the  body  of  th^dike.*  There  are 
•examples  of  dikes  that  consist  of  very  sandy  material,  with  a  dressing  of 
only  1  meter  of  clay,  yet  they  turn  water  excellently.     But  it  is  easy 

*Algemeene  Voorschriften  (ed.  1882),  p.  6. 
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to  be  seen  that  such  a  covering  must  be  carefully  treated  and  protected 
from  injury,  as,  if  the  poor  material  be  exposed,  it  cannot  be  trusted  t» 
exclude  the  water. 

In  the  putting  up  of  embankments,  as  well  as  in  excavations,  the 
grass  must  be  taken  out  in  regular  sods  and  jnled  on  one  side.  The  base 
of  all  earthworks  must  be  cleared  of  all  mud,  filth,  straw,  sedge,  brush, 
rubbish,  etc. — either  all  at  once  or  in  sections,  as  the  execution  of  the  work 
may  require.  When  the  embankment  is  designed  to  keep  out  water,  the 
earth  must  be  broken  with  a  spade  or  plow  to  the  depth  of  0.2  meter 
(say  8  inches),  and  chopped  fine.  This  applies  also  to  existing  earth- 
works to  which  the  new  work  is  to  be  joined.  The  embankment  must 
be  provided,  in  addition,  with  V-shaped  ditches,  at  least  1  foot  deep  and 
wide,  at  the  foot  of  each  of  the  slopes,  and  with  trenches  of  the  same 
width  and  depth,  at  a  distance  apart  of  at  least  1  meter,  to  the  satis- 
faction of  the  Direction.*  The  new  earth  will  not  settle  at  once  to  the 
density  which  it  will  ultimately  acquire,  but  will  undergo  a  j^rocess  of 
shrinking  from  the  pressure  of  its  own  weight  and  the  evaporation  of 
the  water  which  it  contains.  Further,  the  natural  soil  under  the  dike 
will  undergo  a  greater  or  less  compression,  until  an  equilibrium  is 
reached.  Therefore  the  dike  must  be  built  higher  than  the  required 
grade  by  an  amount,  varying  according  to  the  material  and  the  mode  of 
construction,  from  one-seventh  to  one-twentieth  of  the  height  (one-fifth 
to  oue-tenth  in  the  Mississippi  practice). 

To  obviate  too  great  shrinkage,  the  embankment  miTst  be  carried  up 
in  layers,  level  longitudinally  and  rather  sloping  transversely,  of  a  thick- 
ness of  0.3  to  0.4  meter  if  carts  are  used,  and  0.2  to  0.3  meter  if  built 
with  wheelbarrows,  according  to  the  quality  of  the  earth.  If  the  work 
be  done  with  locomotives  the  thickness  of  the  layers  is  to  be  determined 
by  the  Direction.!  (Scrapers,  either  drag  or  wheeled,  seem  to  be  unknown 
in  Holland — at  least,  great  difficulty  was  experienced  in  explaining  what 
they  were. )  Horses  and  carts  are  greatly  to  be  preferred  to  wheelbaj-- 
rows,  and  should  be  used,  if  possible,  at  least  in  part.  The  teams  must 
not  all  travel  the  same  road,  but  must  change  their  tracks  constantly. 
The  earth  must  be  freed  from  foreign  matters,  and  properly  broken  fine, 
and  if  the  Direction  requires  it,  tamped  with  heavy  rammers.  The  num- 
ber of  tampers  is  regulated  by  the  Direction  according  to  the  quality  of 

♦  Algemeene  Voorschriften,  p.  4. 
t  Ibid,  p.  5. 
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soil.  As  a  general  rule,  there  must  be  one  tamper  to  four  sbovelers.  If 
the  nature  of  the  ground  requires  more  tampers,  it  •will  be  so  provided 
in  the  si)ecifications.  If  the  earth  is  tamped  by  horses,  they  must  be 
managed  by  grown  persons.  (Old  cavalry  horses  are  generally  used.)  The 
embankment  must  not  be  begun  until  all  creeks,  ditches  and  gullies  fall- 
ing within  the  work  are  divested  of  mud  and  vegetable  matter,  their  sides 
dug  away  to  a  slope  of  2  to  1,  and  they  filled  with  well-tamped  earth, 
with  a  convexity  of  at  least  one-eighth  of  theu*  dei)th. 

Unless  otherwise  specified,  borrow-pits  must  not  be  less  than  10 
meters  from  the  foot  of  the  slope,  and  their  sides  must  have  such  an 
inclination  as  is  satisfactory.  At  intervals  of  100  meters,  cross-berms  or 
traverses  must  be  left,  6  meters  broad  and  of  sufficient  slope.  Borrow- 
pits  on  the  land  side  must  be  dug  regularly  and  under  the  orders  of  the 
Direction.  The  slopes  must  be  flat,  and  the  small  dams  or  balks  left 
after  completion  removed.  Private  property  must  never  be  trenched 
upon,  unless  by  written  permission  or  by  order  of  the  Direction.  Slojjes 
must  be  dressed  to  the  line  and  deficiencies  projierly  made  good.  These 
works  must  be  entrusted  only  to  experienced  earthworkers  or  slope 
dressers.* 

The  sods  which  have  been  removed  from  the  base  and  piled  at  the 
sides  are  now  placed  upo  i  the  slopes  regularly  iu  rows,  beginning  at 
the  bottom.  They  are  closely  fitted,  struck  in  place  with  heavy  wooden 
paddles  and  covered  with  fine  earth.  If  sods  cannot  be  had,  the  dike  is 
sown  with  clover  seed.  A  good  close  sod  is  the  best  protection  for 
dikes  which  have  any  considerable  foreshore,  and  it  is  important  to 
preserve  it  in  good  condition.  Judicious  pasturing  is  the  best  means  to 
this  end.  Calves  and  sheep  should  not  be  allowed,  because  they  graze 
too  closely,  nor  horses  because  their  shoes  cut  the  sod.  Pasturing 
should  not  be  begun  until  the  second  or  third  year,  and  not  continued 
after  the  first  of  October.  The  dike  Avill  become  more  compact,  the 
cattle  will  tramp  together  all  mouse  or  mole  holes,  and  by  manuring 
will  promote  the  growth  of  the  better  kinds  of  grass,  f  Low  j)lace3  and 
tracks  should  be  filled  in  the  spring  with  fine  earth. 

Trees  on  dikes  are  highly  prejudicial.  They  prevent  the  dikes  from 
becoming  thoroughly  dry.  Grass  does  not  grow  well  in  their  shade  or 
under  their  influence.     They  are  shaken  even  to  their  roots  by  heavy 

♦Algemeene  Voorschriften,  pp.  6-7. 

t  Storm-Baysing,  Waterbouwkunde,  i,  365-6. 
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winds  and  the  ground  loosened  accordingly.  (Add  to  this,  that  there 
are  frequently  cavities  under  the  arch  of  the  roots  of  large  and  especially 
old  trees,  and  that  considerable  streams  of  water  may  be  conducted 
through  the  dike  by  means  of  the  lateral  roots.  The  latter  are  subject 
to  decay  and  then  constitute  formidable  channels.  This  salutary  i^recept 
is  often  violated.  Many  important  dikes  have  double  rows  of  trees  for 
long  distances,  for  the  purpose,  apparently,  of  giving  shade  to  travelers. 
Impunity  has  brought  about  recklessness  which  may  jjossibly  result  in 
disaster  in  time  of  some  great  flood.)  The  planting  of  trees  outside  a 
dike  at  a  safe  distance,  is  to  be  encouraged  by  all  means,  as  a  protection 
against  waves  and  ice.  (A  thick  growth  of  small  timber  outside  a  dike 
is  undoubtedly  an  effectual  safeguard  against  even  heavy  storms.  A 
thin  and  scattered  growth,  even  though  of  considerable  width,  is  not  of 
much  value.) 

EamiJs  for  road-crossings  should  have  a  slope  of  at  least  12  or  14  to 
1,  and  a  crown  of  8  feet.  For  important  roads  the  slopes  should  be  still 
flatter  and  the  crown  12  or  14  feet.  In  weak  soils  the  sod  should  not  be 
broken,  so  as  to  preserve  as  much  as  possible  the  toughness  of  the  upper 
stratum.  By  increasing  the  width  of  the  base  we  may  distribute  the 
pressure  over  a  greater  surface  and  decrease  the  danger  of  sinking.  To 
this  end  the  lightest  soil  should  be  placed  under  the  crown,  where  the 
mass  is  greatest.  To  obviate  partially  the  defect  of  an  imperfect  union 
between  the  old  and  new  earth,  we  may  break  the  ground  for  2  or 
3  meters  from  the  foot  of  each  slope.  The  dike  should  be  put  up 
slowly  and  regularly,  so  that  the  settling  may  be  as  uniform  as  possible 
without  cracks.  Should  these  means  be  insuilicient,  mattresses  must  be 
used.  (Such  is  not  now  generally  the  practice.  See  j^osf. )  Flat  slopes 
on  the  land  side  are  prescribed  in  three  cases:  first,  when  it  is  necessary 
to  give  a  very  broad  base;  second,  when  the  natiire  of  the  ground 
compels  a  steep  slope  on  the  front,  and  third,  in  the  case  of  overlaten, 
of  which  more  hereafter. 

Bank  protection  is  frequently  necessary  for  the  safety  of  dikes.  It 
should  be  resorted  to  before  the  foreshore  is  too  far  gone;  for  though 
the  protection  of  the  bank  be  expensive,  that  of  the  dike  and  the  bank 
together  is  still  more  so,  and  it  is  dangerous  besides.  There  should  be 
no  undue  haste  about  it,  however,  for  the  river  may  take  a  more  favor- 
able turn  and  save  us  the  trouble.  Damage  to  a  bank  may  result  from 
two   causes:  from  winds   and  from  currents,  or  from  both  combined. 
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Winds  and  the  waves  which  they  produce  aflfect  the  upper  portion  of 
the  bank  alone,  without  injury  to  the  lower  portion  or  beach — nay,  the 
latter  may  increase  at  the  expense  of  the  former.  The  current,  however, 
always  works  in  deep  water,  scours  out  the  beach,  and  sometimes  under- 
mines those  dikes  which  have  but  little  foreshore  and  causes  them  to 
fall  in.  The  repair  of  such  accidents  is  always  costly  and  often  pre- 
carious, and  it  frequently  happens  that  after  all  our  trouble  we  have  to 
build  a  new  line.  For  defense  of  the  upper  bank  against  waves,  doubt- 
less direct  revetment  by  stone  or  other  suitable  means  is  the  best.  For 
the  prevention  of  erosion  by  currents,  hoofden  have  been  found  efficient. 
(Hoofden,  literally  heads,  are  of  very  general  use  in  Dutch  engineering. 
The  term  hoofd  is  applied  to  any  spur  dike,  but  especially  to  the  elabor- 
ate constructions  which  are  designed  to  resist  the  action  of  the  winds 
and  currents  of  the  sea.  They  are  found  at  the  Helder,  at  the  Pettemer 
and  Hondsbossche  sea-works,  at  the  Hoek  van  Holland,  at  Westkapelle 
(where  there  are  miles  of  them)  and  elsewhere.  They  are  built  of  clay, 
faced  with  stone  and  with  or  without  piles  driven  into  them.  They  are 
mostly  intended  (the  stone  part  at  least)  to  be  submerged  at  high  water. 
They  have  a  very  long  seaward  slope  (at  the  Helder  about  40  to  1).  The 
strongest  and  most  elaborate  that  were  seen  were  at  "Westkapelle,  and 
details  of  them  will  be  given  when  that  place  is  particularly  described. 
For  bank  protection  in  rivers  hoofden  should  extend  to  the  deepest  part  of 
the  stream,  or  as  near  thereto  as  practicable.  To  this  end  zinkstukken* 
should  be  constructed,  from  0.6  to  1  meter  thick,  and  ballasted  with 
stiflf  clay  and  stone.  A  length  of  180  meters  can  be  given  to  such  a 
mattress,  which  length,  however,  though  measured  from  the  low- water 
margin,  may  yet  not  reach  the  deepest  part  of  the  channel.  Yet  even 
though  it  fall  a  little  short,  it  will  still  be  serviceable.  Should  it  be  un- 
dermined at  the  foot  and  settle  or  slide  a  short  distance,  this  can  be  made 
good  by  a  shore-mat  at  the  landward  end.f 

Zinkstukken  cannot  well  be  made  more  than  12  to  16  meters  wide. 
To  cover  the  whole  bank  by  such  means  would  undoubtedly  be  a  per- 
fectly eflfective  jDlan  for  preventing  erosion,  but  it  would  be  very  ex- 
pensive. For  this  reason,  instead  of  placing  the  mats  in  actual  juxta- 
position, we  lay  them  at  intervals  of  about  half  their  length  and  then 
carefully  observe  the  effect.     Should  more  erosion  ensue,  the  spaces 

*  See  post,  p.  644. 

t  Storm-Buysing,  Waterbouwkunde,  i,  372. 
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jnust  be  shortened  or  intermediate  mats  sunk.  From  the  low-water 
mark  up,  in  the  prolongation  of  the  axis  of  the  mat,  the  sjsur  proper  is 
built  up  to  high-water  mark.  A  greater  height  would  be  expensive  and 
very  seldom  useful.  The  direction  of  the  spur  should  be  at  right  angles 
to  the  dike  and  to  the  direction  of  the  stream.  If  the  stream  and  the 
dike  are  not  parallel,  there  should  be  an  elbow  in  the  spur.  Spurs 
should  not  be  put  in  independently,  but  according  to  a  regular  and  well- 
considered  system.  Concave  curves  are  to  be  avoided,  as  affording  more 
points  of  attack  to  the  current.  The  ends  of  the  spurs  should  therefore 
lie  in  a  right  line  or  a  convex  curve.  (This  is  not  according  to  our 
practice.)  The  upper-bank  s^surs  may  be  spaced  further  apart  than  the 
sub-aqueous  mats,  at  twice  or  even  four  times  the  distance.  It  is  better  to 
have  too  few  than  too  many,  as  the  deficiency  may  easily  be  supplied  if 
necessary.  The  cross-section  of  the  spur  is  not  a  matter  of  great  con- 
sequence. It  should  be  flat  rather  than  steep,  as  experience  shows  that 
in  the  latter  case  the  shock  of  the  water  causes  holes  of  greater  or  less 
depth,  while  the  flat  spurs  become  buried  in  the  sand  and  thus  give  no 
trouble  in  the  maintenance.  Spurs  are  usually  constructed  of  clay, 
protected  against  the  action  of  the  water  by  a  facing  of  straw-mat,*  brush 
or  stone,  or  simply  by  brush  and  broken  brick,  upon  which  heavier 
stone  is  sometimes  placed. 

Some  banks  do  not  suffer  erosion  from  the  water,  but,  on  the  con- 
trary, grow  by  accretion.  They  are  raised  gradually  to  the  height  of 
slack  tide,  when  vegetation  begins  to  start.  After  that  time  they  are 
covered  only  by  higher  and  mean  floods.  Consequently,  they  grow 
more  slowly,  and  can  never,  from  the  nature  of  the  case,  exceed  mean 
flood  height.  When  they  reach  this  level  they  can  generally  be 
reclaimed  profitably  by  dikes.  Such  reclamation  is  common  at  this  day 
in  Zeeland,  North  Brabant,  Friesland  and  Groningen.  The  process 
<jan  be  greatly  expedited  by  artificial  means.  These  accretions  are  of 
much  moment  to  the  safety  of  the  dikes,  and  the  higher  they  are,  the 
more  valuable  are  they  on  that  score.  Therefore,  every  encouragement 
should  be  given  to  such  endeavors.  lu  Friesland,  they  begin  the  work 
by  placing  small  screens  or  hurdles,  to  turn  aside  the  current,  and  pre- 
vent it  from  running  across  the  territory  to  be  reclaimed.  As  soon  as 
the  mud  is  sufiiciently  dry  at  ebb,  the  tract  is  divided  into  small  lots, 
•some  5  meters  broad,  by  ditches  cut  perpendicular  to  the  bank,   1.5 

*  See  post,  p.  593. 
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meters  -wide  at  top,  0.6  meter  deep  and  0.3  meter  wide  at  bottom. 
These  ditches  are  given  a  length  not  exceeding  250  to  300  meters,  and 
they  are  shallower  next  the  bank  than  inland,  so  that  the  muddiest 
dregs  of  the  water  do  not  run  off,  but  are  retained.  The  accumulated 
silt  is  then  thrown  out  into  the  middle  of  the  lot,  and  distributed  over 
it.  Generally,  the  first  year  after  this  operation,  young  sprouts  begin 
to  show  themselves  upon  the  lots,  and  in  two  years  the  ditches  are  filled 
with  silt.  They  are  then  ciit  out  again,  and  the  earth  thrown  on  the 
land.  After  a  few  years  two  lots  are  united  into  one,  and  a  cross-ditch 
dug  for  drainage.  The  same  process  is  then  repeated  on  the  side  next 
the  sea. 

In  Zeeland,  for  alike  purpose,  so-called  silt-catchers  ("  slik-vangers  ") 
are  thrown  up,  being  small  levees  with  a  height  of  0.2  to  0.5  meter 
above  the  ground,  with  a  slight  slope  to  the  front.  They  are  placed  at 
a  distance  of  20  to  30  meters  apart,  and  have  broad  flat  slopes  of  3  or  4 
to  1.  They  are  covered  over  their  whole  width  with  a  straw  mat,  to 
resist  the  flow  of  water.  They  are  joined  to  one  another,  near  the  ends, 
by  a  so-called  puddle-berm  ("plasberm  "),  which  is  a  layer  of  brush 
•with  the  tops  turned  landward,  fastened  with  three  rows  of  wattled 
stakes.  This  puddle-berm  holds  the  silt  without  confining  the  ebb 
water.  This  process  is  equally  effective  with  that  of  the  Frieslanders, 
but  is  more  expensive. 

A  good  foreshore  is  a  great  protection  to  a  dike,  but  it  is  not  always 
sufficient  to  reduce  the  size  and  force  of  the  waves  within  such  a  limit 
that  a  good  sodding  will  withstand  them.  If  there  be  no  foreshore,  so 
miich  the  Avorse  ;  for  the  violence  of  the  waves  increases  with  the  depth. 
Now,  there  are  many  localities  where  the  dikes  abut  directly  upon  the 
sea — the  foresl  ore  having  been  scoured  away  or  beaten  away  by  storms. 
In  these  situations  the  dikes  would  speedily  follow  the  examjjle  of  the 
shore,  were  not  artificial  means  taken  to  prevent  it.  It  has  already 
been  said  that  against  wave  action  direct  j^rotection  is  the  proper 
remedy,  though  hoofden  are  sometimes  powerful  auxiliaries.  (They 
seem  indeed  to  be  considered  essential,  in  the  present  practice,  in  cases 
of  severe  exposure.)  In  the  first  place,  the  most  destructive  part  of  the 
storm  shocks  is  directed  against  that  portion  of  the  bank  which  lies 
above  low  water.  It  is  therefore  easily  got  at,  and  revetment  or  other 
suitable  device  can  be  applied  without  difficulty.  Secondly,  the  winds 
are  variable  in  direction  and  the  hoofden  are  fixed.      They  may,  there- 
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fore,  be  enfiladed,  as  it  were,  and  will  then  be  useless.  (As  now  used, 
they  are  placed  perpendicular  to  tlie  most  destructive  winds.  For  in- 
stance, at  Westkapelle  the  northerly  winds  are  the  most  dreaded.  The 
hoofden,  therefore,  run  nearly  east  and  west.  The  same  is  apj^roxi- 
mately  true  of  the  Hondsbosch  hoofden  and  of  the  Delflaud  hoofden, 
which  protect  the  Hoek  van  Holland  and  the  mouth  of  the  new  water- 
way from  Rotterdam  to  the  sea.  They  extend  far  enough  and  are 
spaced  far  enough  apart  to  mask  one  another.  They  probably  serve 
also  another  important  purpose  in  modifying  destructive  littoral  cur- 
rents engendered  by  the  north  winds  or  the  tides.) 

Various  methods  of  direct  protection  have  been  used,  and  are  still 
actively  practiced.  In  severe  cases  pilework  and  stone  are  the  means 
most  depended  on  ;  in  others,  recourse  may  be  had  to  straw  and  brush, 
especially  for  temporary  purposes.  Pilework,  when  emjjloyed,  as  it 
usually  is,  for  the  defense  of  imjjortant  dikes,  is  elaborate  and  thorough, 
and  exhibits  considerable  variety  in  its  several  types.  The  principle 
which  seems  to  have  met  with  the  most  acceptance  is  that  of  a  double 
row  of  piles,  jsarallel  to  the  trace  of  the  dike,  properly  braced  back,  and 
the  interval  between  the  rows  filled  with  brush,  broken  brick,  and 
finally  with  large  and  heavy  blocks  of  stone.  The  piles  are  driven  as 
close  in  the  row  as  possible,  and  spiked  to  waling-pieces.  The  object- 
ions to  this  type  seem  to  be  the  vertical  or  nearly  vertical  position  of 
the  piles,  which  invites  the  greatest  amount  of  shock  and  causes  the 
greatest  possible  undertow,  whereby  the  foot  of  the  i)ilework  is  apt  to 
be  scoured  out,  unless  there  be  a  considerable  rip-rap  of  stone  there — 
the  liability  of  wood  to  decay — and,  in  salt  water,  the  exposure  to  the 
attacks  of  the  teredo.  The  first  objection  may  be  obviated  by  spiking 
inclined  timbers  to  the  piles,  or  by  rip-rap  as  aforesaid.  In  Holland 
wood  api:)ears  to  last  very  well.  It  is  said  that  the  average  lifetime  of 
an  oak  or  fir  pile  is  at  least  thirty  years.  As  for  the  teredo,  it  is  only 
bad  on  the  sea-coast  proper,  and  then  only  below  mean  tide-water.  It 
hardly  frequents  the  Zuider  Zee  at  all,  and  is  not  found  in  brackish 
waters.  So  pilework  is  still  much  in  vogue  in  various  parts  of  the 
Netherlands.  It  is  generally  placed  in  front  of  a  dike  and  not  on  it— so 
that  the  slope  may  be  sodded,  and  the  force  of  the  waves  so  broken  that 
the  sod  may  sufi'er  no  detriment. 

Stone,  however,  is  the  main  resource,  and  in  some  situations  it  is  the 
only  one — for  instance,  where  the  effect  of  tidal  scour  is  added  to  the 
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force  of  the  winds,  and  the  damage  is  not  alone  above  watei*  but  also 
below,  so  that  deep  water  is  found  at  a  very  short  distance  from  the 
foot  of  the  dike,  and  continually  encroaches  upon  it.  Such  a  situation 
is  found  at  the  Helder,  the  extreme  northern  point  of  the  main  land  of 
North  Holland.  A  strong  current  Hows  through  the  strait  between 
the  Helder  and  the  island  of  Texel,  which,  with  the  assistance  of  storms, 
has  scoured  and  beaten  away  the  bank  until,  at  a  distance  of  40  meters 
from  the  toe  of  the  dike  at  flood-tide,  a  depth  of  25  to  28  meters  was 
found  in  many  places,  and  at  50  meters  a  depth  of  nearly  30  meters,* 
indicating  a  mean  slope  of  about  1.5  to  1.  The  only  remedy  that  was 
thought  available  was  a  rip-rapping  of  heavy  stone,  combined  with 
hoofdeu  Avhere  necessary.  The  former  part  of  the  design  was  effected  by 
throwing  in  massive  blocks  of  Norwegian  granite,  which  lodged  upon 
the  slope  and  were  renewed  as  fast  as  they  were  displaced  by  the  waves 
and  the  currents,  combined  with  their  own  gravity,  until  an  equilibrium 
was  at  length  reached,  f  Nevertheless,  for  a  long  time  continual 
repairs  were  necessary,  and  careful  soundings  were  made  at  close  inter- 
vals, to  determine  the  exact  localities  where  deficiencies  existed.  It 
was  estimated  that  800  or  1  000  tons  of  stone  were  used  annually  for 
this  purpose.  The  hoofden  also  seem  to  be  entirely  of  stone,  and  if  so 
must  have  consumed  an  immense  quantity  of  material.  They  are  not 
placed  along  the  whole  reach,  but  only  in  the  most  exposed  spots.  They 
are  spaced  at  variable  distances,  which  the  author  estimated  at  an  aver- 
age of  about  100  meters,  and  have  a  seaward  slojje  of  about  40  to  1. 
They  are  not  all  of  the  same  height  above  the  sea  level,  those  most 
exposed  (the  western)  being  the  highest,  and  projecting  some  3  feet 
above  high  water  at  the  shore  end,  tapering  thence  to  about  high  water 
grade  at  the  seaward  end.  Going  eastward  each  hoofd  is  a  little 
lower  than  the  preceding.  Above  water  the  stone  are  regularly  laid, 
though  in  natural  blocks,  from  1  to  2.5  feet  in  diameter,  and  say  1.5 
feet  thick.  They  are  laid  on  a  foundation  of  puiti  or  broken  brick.  The 
dike  itself  is  not  of  uniform  dimensions.  The  crown  is  about  30  feet, 
the  back  slope  about  2.5  to  1,  the  front  slope  broken,  convex,  the  upper 
part  about  10  to  1,  the  lower  part  generally  about  6  to  1,  though  some- 
times the  long  slope  is  continued  unbroken.     (See  Plate  LY.) 

Large  and  heavy  brick,  burned  specially  for  the  jjurpose,  have  been 
used  instead  of  stone  for  revetting  exposed  fronts,  but  it  is  believed  they 

*  Storm-Buysing,  i,  377.  t  See  Plate  LV. 
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have  not  been  found  economical.  The  principal  objection  to  stone  pitcli- 
ings  is  their  great  cost — and  this  has  limited  them  to  very  important  and 
exposed  places.  "Where  continuous  stonework  is  used,  brush  is  on 
longer  necessary.  A  thin  straw  mat  {h'ammat)  is  tirst  laid — at  least  this 
is  the  i^ractice  in  Zeeland.  On  this  is  placed  a  layer  of  brick,  laid  as 
closely  as  jiossible,  and  on  the  latter  a  layer  of  pichi,  or  broken  brick,  6 
or  8  inches  thick.  This  is  followed  by  the  stone  itself,  which  has  a 
thickness  of  12  to  16  inches.  At  certain  very  exposed  points  still 
heavier  work  is  used.  The  work  begins  at  the  bottom,  with  a  row  of 
strong  wattling  or  of  perkoenpalen*  placed  about  the  low-water  line. 
The  smallest  stones  are  placed  at  the  bottom,  as  this  part  of  the  slope 
has  the  least  of  all  to  fear  from  the  waves.  The  loose  brick  serve  to 
correct  inequalities  in  the  depth  of  the  pieces  of  stone,  as  they  can  be 
so  adjusted  as  to  bring  the  upper  surfaces  to  a  level.  The  stones  are 
placed  as  closely  and  snugly  as  possible,  the  rows  breaking  joints,  so 
that  there  shall  be  no  continuous  channels  under  them  for  the  water. 
The  pieces  must  each  be  firmly  bedded  in  the  loose  brick,  so  that  they 
shall  not  depend  on  one  another  for  support.  The  revetment  must  pro- 
ject beyond  the  desired  j^rofile,  and  be  rammed  with  wooden  rammers 
to  grade.  Finally,  all  interstices  are  tightly  filled  with  spalls  or  brick- 
bats, and  in  some  places  even  with  shells. 

For  great  sea  dikes  and  other  heavy  work  the  stones  are  large  and 
massive,  and  of  those  varieties  which  have  the  most  specific  gravity. 
For  the  lighter  class  of  sea  dikes  and  for  river  dikes  the  material  which 
is  of  almost  constant  employment  is  basalt.  This  stone  indeed  inlays  a 
most  important  part  in  all  river  constructions  in  Holland  and  the  Lower 
Bhine.  The  variety  which  is  most  frequently  used  is  the  well-known 
columnar  basalt,  familiar  to  us  by  descriptions  of  Stafta  and  the  Giant's 
Causeway.  It  is  brought  from  the  Seven  Mountains  on  the  Khine,  or 
from  that  vicinity,  and  transported  by  boats,  without  breaking  bulk 
and  at  very  cheap  rates,  down  the  Lek,  the  Waal  and  even  the  Maas,  via 
the  several  channels  of  communication  between  the  last-named  rivers. 
It  is  very  easily  quarried.  It  exists  in  immense  cliffs,  presenting  a 
striated  appearance  from  the  columns  of  which  they  are  composed.     A 

*  Perkoenpalen  are  short  eapling  piles  of  oak  or  fir,  5  cr  6  feet  long  and  4  or  5  inches 
thick.  The  term  is  untranslatable,  as  the  Dutch  engineers  themselves  do  not  know  its 
derivation.  They  are  of  constant  use  in  stone  revetments,  being  placed  at  the  bottom,  or  at 
intervals,  in  close  rows,  on  the  slopes,  especially  in  steep  slopes,  to  keep  the  stones  from 
Slipping  downward. 
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very  striking  example  of  this  formation  constitutes  a  conspicuous  fea- 
ture of  tlie  scenery  of  the  Rhine  at  Erpel,  where  the  cliffs  abut  directly 
on  the  river.  Vast  quantities  of  the  blocks  may  be  seen  loading  on  the 
beautifully  modeled  Ehine  barges  about  Unkel,  Remagen,  and  especially 
Linz,  whither  they  are  brought  from  quarries  in  the  interior.  The 
process  of  quarrying,  it  is  stated,  consists  in  merely  wedging  apart 
the  A'ertical  or  inclined  columns,  when  they  fall  of  themselves,  and 
break  or  are  broken  into  suitable  lengths.  The  Dutch  Government,  it 
is  said,  owns  its  quarries.  As  delivered  for  use,  the  blocks  are  hexagonal 
or  pentagonal  in  section,  9  or  10  inches  in  diameter,  and  of  such  length 
as  is  demanded  for  the  work,  the  price  increasing  greatly  with  the  length. 
The  price  of  blocks  of  ordinary  size,  delivered  at  Rotterdam,  is  about 
one  dollar  per  ton,  the  rate  varying,  of  course,  according  to  season 
and  circumstances.*  The  blocks  are  laid  as  closely  and  regularly 
as  possible,  their  polygonal  shape  permitting  very  neat  joints  to  be 
made  without  cutting.  It  has  been  maintained,  but  without  good 
reason,  that  a  steep  stone  pitching  was  better  than  a  flat.  A  slope  of  6 
to  1,  if  the  stone  be  good  and  heavy,  is  suflScient  for  the  worst  cases. 
Some  parts  of  the  Helder  revetment,  however,  have  a  slope  of  10  to  1. 
The  very  unfavorable  situation  of  this  dike  and  its  great  imjDortance 
justify  extraordinary  precautions. 

In  Zeelaud  stone  facings  are  themselves  sometimes  beset  with 
perTcoenpakn  or  palisades,  which  project  0.8  meter  above  the  stone,  and 
are  placed,  not  close  together,  but  with  an  interval  between  them. 
Sometimes  all  the  rows  run  in  the  direction  of  the  dike,  sometimes  also 
perpendicular  to  it,  so  as  to  form  squares  or  pens.  These  compartments 
have  two  objects:  first,  to  break  the  force  of  the  waves  without  turning 
them  back;  second,  to  prevent  any  defect  in  the  stone-covering  from 
extending  too  far.  Formerly  this  kind  of  work,  called  staketwerk  (stock- 
ade or  palisade  work)  was  very  common  in  Zeeland.  Now  it  is  confined 
to  a  few  very  dangerous  points. f  The  most  dangerous  of  these  and  one 
of  the  most  notable  in  all  the  Netherlands  is  the  famous  Westkapelle 
dike  on  the  western  shore  of  the  island  of  Walcheren.  This  and  the 
equally  famous  Petten  and  Hondsbosch  dike  on  the  western  coast  of 
Holland  are  embankments  of  sand,  designed  to  fill  gaps  in  the  line  of 
dunes  which  mostly  defends  the  shores  bordering  on  the  North  Sea  with 
gigantic  natural  mounds,  generally  far  superior  in  height  and  strength 


*  Mr.  Leemans.  t  Storm-Buysing,  i,  394. 
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to  any  artificial  banks.  At  some  ^joints,  however,  tlie  dunes  are  very 
thin,  and  are  becoming  thinner  from  the  onslaughts  of  the  sea  and  the 
winds,  and  at  two  places  they  are  missing  altogether,  namely,  at  the 
localities  just  specified.  The  gaijs  have  been  closed  by  enormous  -works, 
very  similar  to  one  another.  The  Petten  and  Hondsbosch  dikes  were 
not  seen;  but  a  sjjecial  visit  was  made  to  the  Westkapelle  dike,  and  the 
author  had  opportunities  of  seeing,  not  only  the  work  itself,  but  the 
mauner  in  which  the  sea  defenses  were  constructed,  for  they  were  repair- 
ing and  extending  the  hoofden,  and  work  Avas  seen  in  all  stages  of 
forwardness. 

The  exposed  part  of  the  coast  of  Walcheren  begins  several  miles 
north  of  Westkapelle,  at  the  little  unpretending  sea-side  resort — not  yet 
quite  a  watering-place — called  Domburg.  This  quarter  of  the  island  has 
to  endure  the  full  force  of  the  north  winds  of  the  German  Ocean, 
with  a  sweep  that  is  unbroken  by  any  land  for  2  000  miles.  At  Dom- 
burg the  encroachments  of  the  sea  have  been  so  extensive  that  they  are 
about  to  build  a  dike  there,  to  "back  up  "  the  streak  of  dunes  that  has 
already  become  too  thin  for  safety,  while  the  further  inroads  of  the 
waves  are  prevented  by  strong  stone  revetments  and  a  formidable  series 
of  hoofden,  extending,  it  was  said  (for  the  whole  line  could  not  b© 
followed),  all  the  way  to  Westkapelle.  The  front  slopes  of  the  dunes 
are  planted  with  dune  grass  or  helm,  that  they  may  not  be  blown  away 
by  the  wind. 

The  dunes  are  justly  regarded  as  of  such  value  that  extraordinary 
pains  are  taken  to  preserve  them.  Where  there  is  a  high  beach,  extend- 
ing as  far  as  the  ordinary  flood  line,  this  of  itself  will  protect  the  sand 
hills  from  everything  except  very  high  tides.  Where  the  beach  is  not 
sufficiently  high,  sometimes  efforts  are  made  to  raise  it  artificially  by 
means  of  brush  or  reed  screens,  which  will  collect  the  loose  sand  as  it  is 
blown  about  by  the  winds,  and  cause  it  to  lodge  under  their  lee,  until 
the  screens  themselves  are  buried.  So  soon  as  this  occurs,  new  screens 
are  built,  intermediate  between  the  former  and  extending  further  out. 
Sometimes,  by  this  cheap  means,  considerable  territory  is  gained,  and 
if  it  be  possible  even  to  keep  j^ace  with  the  annual  loss,  it  is  so  much 
gained  at  small  cost.  If  such  a  device  is  insufficient  the  dunes  must  be 
treated  like  exposed  dikes,  and  j^rotected  either  directly  by  revetment  or 
indirectly  by  hoofden,  or  both.  The  dunes  are  protected  by  the  former 
method  by  first  reducing  the  front  to  a  regular  and  somewhat  long  slope, 
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covering  it  with  a  thick  pitching  of  clay,  and  then  apjilying  the  straw 
mat,  brick  rubble  and  stone,  or  other  suitable  dressing. 

There  is  a  kind  of  clay  found  in  Zeeland,  and  jierhaps  elsewhere  in 
the  Netherlands,  which  is  very  jDroper  for  such  purposes.  It  is  called 
leem.  It  is  stiff",  waxy  and  tenacious,  and  becomes  very  hard  when  dry; 
for  which  reasons  it  is  not  well  suited  for  tillage.  It  lies  in  strata  from 
3  to  6  feet  in  thickness.  The  dike  administration  or  the  contractor 
buys  it  of  the  proprietor  at  so  much  per  cubic  meter  (about  one  florin  is 
a  common  jirice),  and,  so  to  speak,  quarries  it,  cutting  it  out  by 
the  sjiade  in  regular  cubes  of  6  inches  or  so.  The  blocks  are  laid  in 
courses  on  the  slope  of  the  dike,  and  closely  pressed  together  by  the 
feet  of  the  laborers.*  The  usual  thickness  of  the  clay  pitching  is  1 
meter.  The  same  method  appears  to  be  practiced  elsewhere,  in  facing 
the  slopes  of  the  canals  and  river  dikes. 

The  Westkapelle  dike  attains  a  height  of  5.5  meters  above  high  water 
or  8  meters  above  low  water.  Its  dimensions  are  shown  on  the  accom- 
panying cross-section,  given  by  the  resident  engineer,  Mr.  Koole.f 
It  will  be  seen  that  the  water  slope  is  broken  into  several  sections, 
the  lowest  22  meters  in  horizontal  length,  standing  at  6  to  1,  the  next  9 
meters,  at  7  to  1,  the  next  6  meters,  at  8  to  1,  the  next  59.7  meters,  at 
about  17  to  1.  At  the  foot  of  the  lowermost  slope  is  a  row  of  heavy 
pei'koenpalen.,  and  beyond  this  is  a  bestorting  or  rip-rap,  extending  about 
20  meters.  The  slopes  are  dressed,  first  with  leem,  1  meter  thick,  then 
with  a  straw  mat,  as  usual,  and  stone.  The  lower  slope  is  faced  with 
basalt,  the  next  with  Doornik  stone  (Doornik  is  the  Flemish  designation 
of  the  city  which  we  generally  call  by  its  French  name,  Tournai),  and 
the  third  with  basalt  again,  the  fourth  with  straw  mat,  basalt,  and  finally 
sod,  in  turn.  The  stone  pitching  is  from  0.3  to  0.4  meter  thick.  The 
rip -rap  beyond  the  foot  is  composed  of  very  heavy  blocks,  none  being 
received  that  weighed  less  than  300  kilograms.  Smaller  pieces  were 
tried,  but  they  were  thrown  up  by  the  waves.  A  short  distance  above 
the  low-water  line  begins  the  stoketwerk  or  stockading,  which  is  a  cou- 
si)icuous  feature  of  the  Westkapelle  seawork.  This  consists  of  eight 
longitudinal  roAvs  of  small  piles,  about  8  inches  thick  and  10  feet  long, 
projecting  about  4  feet  above  the  stone.     They  are  placed  pretty  close 

*  Verbal  statement  of  Mr.  Bourdrez,  a  uative  and  resident  of  Middolbiirg,  in  the  Island 
of  Walcberen.  Tbis  intelligent  young  gentleman  was  kind  enougb  to  accompany  tbeautbor 
on  bis  trip  about  tbe  island,  and  gave  bim  mucb  valuable  iuformatiou. 

t  See  Plate  LVI,  Figure  1. 
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together  in  tlie  rows — less  tlian  their  own  diameter  apart— and  are 
fastened  together  by  a  strong  waling-piece.  The  rows  are  about  9  feet 
apart,  and  are  connected  by  stout  horizontal  braces  at  intervals  of  8  feet 
or  so.  Spaces  are  left  occasionally  in  the  rows  for  inii-i^oses  of  inspec- 
tion and  rei)air,  which  spaces  are  not  opposite  to  one  another,  but  jslaced 
diagonally,  so  that  an  aisle  or  gangway  is  thereby  formed,  extending  all 
the  way  through  the  eight  rows,  at  an  oblique  angle. 


Fig.  4, 

The  straw  mat  is  mostly  composed  of  dried  reed  or  swamp  grass, 
which  is  used,  for  economy's  sake,  "when  it  is  practicable.  Mr.  Koole 
said  that  it  answered  very  well  in  the  situation  where  it  is  placed, 
namely,  on  the  long,  flat,  upper  slope,  where  no  waves  reach  it,  merely 
the  swash.  Elsewhere  the  author  was  told  that  it  was  not  efficient 
against  heavy  storms. 

The  hoofden  at  Westkapelle  and  along  the  coast,  pretty  much  all  the 
way  from  Domburg,  are  elaborate  structures,  built  with  much  care,  as 
they  may  well  be,  for  they  have  to  suffer  tremendous  shocks.  They 
consist  of  from  two  to  four  rows  of  piles,  projecting  6  feet  or  so,  driven 
about  6  or  8  inches  apart  in  the  row,  very  much  like  the  stockade  work 
on  the  slope  of  the  dike.  Between  and  on  each  side  of  the  rows  is  a 
carefully  laid  bed  of  clay,  brush  and  stone  (Doornik),  the  stone  being 
about  2  feet  square  and  of  tolerably  regular  shape.  The  slope  of  the 
hoofden  seaward  is  from  23  to  35  to  1— a  broken  slope,  the  steeper  part 
being  next  the  shore.  The  rows  are  strengthened  by  waling-pieces  on 
both  sides,  and  the  hoofd  is  divided  into  sections  cribwise  by  cross- 
piles  and  heavy  horizontal  ties.  A  plan  and  sections  of  one  of  them  is 
given.  (See  Plate  LVI,  Figs.  2  and  3,  and  Plate  LVII.)  The  piles  of 
which  it  is  composed  are  from  12  to  18  feet  long,  the  shorter  pieces 
being  set  near  the  shore.  They  are  about  8  inches  in  diameter,  are  of 
pine  or  some  similar  wood,  and  of  those  that  were  seen  some  were  creo- 
soted  and  some  were  not.  They  are  driven  to  a  little  less  than  half  their 
depth,  the  seaward  i^iles  being  driven  the  deepest.  The  instrument 
with  which  they  were  driven  was  a  hand  pile-driver  with  one  lead,  such 
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as  is  sometimes  used  for  sheet  piling,  the  hammer  being  furnished  with 
two  square  collars,  which  clasped  the  lead,  thus: 

It  was  worked  by  eight  or  ten  men.  Being  asked  as  to 
the  importance  of  the  part  which  the  hoofden  play  in  the 
defense  of  the  dike,  Mr.  Koole  said  that  they  were  of  the 
greatest  service,  and  were,  in  fact,  indispensable  against 
the  formidable  north  winds — that,  wherever  they  were 
missing,  the  work  had  suffered  serious  damage.  They  are 
placed  at  various  intervals,  the  furthest  apart  being,  as  it 
appeared  to  me,  about  300  meters.  They  are  of  various 
lengths,  according  to  the  exposure  and  the  interval  between 
them.  At  the  Westkapelle  dike  itself  they  are  short  and 
close  together,  owing,  probably,  to  the  depth  of  the  water, 
which  is  considerable  at  that  place  and  forbids  the  hoofden  to  be  made 
very  long.  Their  standard  length  was  understood  to  be  120  meters. 
There  is  a  mattress,  40  meters  long,  at  the  end  of  each  hoofd.  It  will 
be  observed  that  both  pilework  and  stonework  are  much  heavier  and 
stronger  at  the  seaward  end,  and  that  the  rip-rap  about  the  sides  of  the 
spur  increases  as  it  progresses  in  that  direction.  The  piles  are  studded 
with  "worm  nails,"  that  is,  nails  with  broad,  flat  heads,  as  a  i^rotection 
against  the  teredo,  to  a  distance  of  2  meters  below  high  tide,  that  being 
about  the  upward  limit  of  the  range  of  the  destructive  insect. 

Mr.  Koole  said  that  the  seas  often  reached  entirely  up  the  outer  slope, 
and  occasionally  a  little  of  the  swash  ran  over  the  crown.  The  great 
dike  is  3  800  meters  long,  or  about  2  J  miles.  Its  crown  is,  perhaps,  20 
feet  above  the  natural  surface  of  the  ground.  The  whole  of  this  enor- 
mous work,  with  the  long  line  of  hoofden,  was  built  and  is  maintained 
by  the  single  small  island  of  Walcheren,  which,  so  far  as  the  dike  ad- 
ministration is  concerned,  constitutes  a  polder  to  itself.  As  the  dike  is 
not  essential  to  the  safety  of  the  rest  of  the  kingdom,  the  general  govern- 
ment contributes  nothing.  The  island  contains  only  17  990  hectares,  or 
about  691  square  miles.  The  dike  tax  is  something  over  200  000  florins 
annually,  or  about  S80  000 — being  at  the  rate  of  about  $1.80  per  acre. 
The  tax  is  not  imposed  according  to  acreage,  however,  but  according  to 
value.     It  is  strictly  a  land  tax.* 

Similar  in  construction  are  the  Petten  and  Hondsbosch  hoofden  and 
the  Delfland  hoofden.     From  the  number  and  almost  exclusive  use  of 


*  Mr.  Bourdrez, 
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these  works,  it  may  be  inferred  that  they  fulfill  their  purpose,  and  that 
in  very  exposed  situations  no  equally  eftective  means  have  been  devised. 
These  elaborate  stone  and  pile  works  are  very  expensive,  and  it  must  not 
be  forgotten  that  there  are  other  contrivances  which  may  be  sufficient 
in  less  critical  and  less  important  situations.  The  materials  which  may 
be  made  to  answer  in  place  of  those  just  named  are  mostly  straw  and 
brush. 

The  straw  mat  or  Jcrammat  (literally  cramp  mat)  has  been  mentioned 
more  than  once.  It  is  a  i3eculiar  and  important  feature  of  Dutch  construc- 
tion. Minute  directions  for  making  it  are  contained  in  the  textbooks  and 
in  the  general  regulations.  It  originated  in  Zeeland,  as  did  many  useful 
contrivances  which  are  now  common  to  the  whole  kingdom,  being 
evolved,  doubtless,  out  of  necessity  by  those  independent  and  hardy 
islanders,  whose  whole  life  has  been,  more  than  that  of  any  pi'ovince  of 
Holland,  a  fight  with  the  sea.  It  consists  of  a  thin  layer  of  carefully 
selected  straw,  disentangled  and  laid  straight,  parallel  and  close,  cramped 
by  ties  or  binders  of  the  same  material,  placed  at  short  intervals,  and 
pressed  into  the  earth  by  a  two-pronged  spud  or  fork.  When  designed 
as  a  foundation  for  other  work  it  is  only  about  three-quarters  of  an  inch 
thick.  Its  office,  in  such  constructions,  is  to  keep  the  brick,  etc.,  from 
sinking  deeply  and  irregularly  into  the  new  earth,  which  is  yet  gi-een 
and  imperfectly  compacted,  and  has  not  sufi"ered  its  normal  shrinkage. 
After  a  while  the  krammat  decays,  but  then  the  slopes  are  firm,  dry  and 
hard,  and  fit  to  support  the  stone  facing. 

A  straw  mat  is  also  frequently  employed  to  protect  the  slopes  of  new 
work  where  the  sod  is  deficient,  or  where  it  has  not  had  time  to  grow 
properly,  or  where  sod  alone  is  considered  an  insufficient  protection. 
For  this  purpose  the  straw  is  placed  in  layers  of  at  most  an  inch  thick, 
the  stalks  being  perpendicular  to  the  direction  of  the  dike.  Kye  straw 
is  generally  preferred,  as  being  longer  and  tougher,  though  wheat,  bar- 
ley and  oat  straw  may  be  used,  and  also  (in  part)  dry  or  green  reed  or 
swamp  grass.  Straw,  in  its  technical  sense,  means  straw  as  it  comes 
from  the  process  of  threshing,  long,  short  or  tangled,  and,  perhaps,  with 
weeds  in  it.  From  this  is  separated  a  finer  product  called  glui,  which 
is  prepared  by  combing  or  carding  the  rough  material  with  a  woodea 
comb,  thus  cleansing  it  of  defective  stalks  and  weeds,  and  laying  it 
straight  and  even.  It  is  then  made  into  bundles.  It  is  glui  that  is 
principally  used  for  mats.     The  work  is  Ijegun  by  laying  a  thin  Init 
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close  layer  of  straw,  half  the  thickness  of  the  proposed  covering,  and 
upon  it  another  layer  of  wheat  or  rye  glui,  or  green  or  dry  reeds,  the 
green  being  used  below  ordinary  flood  height  and  the  dry  above  that 
point.  On  new  ground,  suitable  for  soddiug,  straw  alone  is  used  (no 
reeds).  The  thickness  of  the  whole  mat,  after  cramping,  is  from  0.6  to 
1  inch.  The  cramping  is  done  as  was  previously  described.  As  laid 
by  expert  Dutch  workmen,  the  krammat  is  a  beautiful  and  very  close 
covering — so  close  as  to  be  an  eflScient  protection  for  new  slopes  against 
rains,  or  even  moderate  waves.  It  lasts  only  a  year,  and  must  sometimes 
be  renewed  before  that  time.  In  any  event,  it  is  taken  up  in  the  spring 
of  the  ensuing  year,  and  if  necessary  afterward  replaced  by  another. 

To  make  a  brush  dressing,  or  rysbeslag,  a  thin  straw  mat  is  first  laid, 
and  upon  it  a  thick  layer  of  reed,  5  inches  or  so  in  depth.  The  latter 
layer  is  placed  perpendicular  to  the  first,  that  is,  parallel  to  the  direction 
of  the  dike.  The  brush,  in  bundles,  is  held  perpendicular  to  the  reed, 
and  is  then  fastened  down  by  a  wattling  of  tough  and  long  twigs,  carefully 
■and  firmly  woven  between  stout  stakes,  and  laid  down  for  greater  security 
by  anchoring  stakes  with  forks  pointing  downward,  or  having  pins  driven 
through  them.  Sometimes  the  brush  is  maintained  in  position  by  tim- 
bers confined  by  stakes  with  iron  hooks  or  bolts  driven  into  them.  On 
the  upper  rivers,  where  the  danger  from  winds  is  less  serious,  the  straw 
mat  is  often  omitted,  and  the  brush  sometimes  laid,  not  in  bundles,  but 
broadcast  over  the  slope  of  the  dike.  The  work  is  begun  at  the  toj)  of 
the  slope  and  the  points  or  tops  are  placed  upward.  However,  there  are 
various  ways  of  making  brush  dressings.  The  brush  covering  is  fre- 
quently weighted  by  stone — the  wattling  being  then  omitted,  and  only 
stakes  used,  driven  closely  together  in  rows.  This  method  is  more  than 
twice  as  expensive  as  the  other,  but  it  also  lasts  twice  as  long  (six  or  seven 
years,  as  against  three).  The  embankment  across  the  strait  called  De 
Geule,  which  used  to  connect  the  Eastern  and  Western  Schelde,  is  pro- 
tected in  this  way.* 

The  brush  so  frequently  mentioned  is  not  a  wild  growth,  as  in 
America.  The  so-called  ryshont  is  an  artificial  product,  raised  for  the 
market,  and  delivered  in  merchantable  form.  As  it  comes  to  the 
market  it  is  mostly  osier  or  willow  brush  of  three  or  four  years'  growth, 

*  For  sIopeB  which  are  not  much  exposed,  as  for  the  side-walls  of  canals,  a  covering  of 
brick  rubble  alono  is  sometimes  used,  kept  in  place  by  parallel  rows  of  light  stakes,  with 
a  row  of  strong  perkoenpalen  at  the  bottom.  See  Plate  LVIII,  which  shows  the  method  of 
protecting  the  banks  of  the  Merwede  Canal. 
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tbougli  sometimes  oak  of  eight  years  is  used,  aucl  occasioually  other 
kinds  of  wood.  It  is  rec^uired  to  be  cut  between  the  1st  of  October 
and  the  15th  of  March,  while  the  sap  is  out  of  the  wood  and  the  bark 
more  adhesive.  It  is  delivered  in  small  bundles  of  various  sizes,  according 
to  classification,  the  requirements  for  each  kind  being  minutely  defined. 
The  growing  of  this  brush  is  an  imj)ortaut  industry  in  many  parts  of 
Holland.  In  the  Tielerwaard,  Alblasscrwaard  and  elsewhere  the  author 
saw  immense  i)lantatious  of  pollard  willows  and  also  of  young  ti*ees  planted 
mostly  in  rows,  sometimes  with  pasture  or  grain  land  between.  Fre- 
quently wet  and  low  spots  were  thus  utilized.  The  i^rincipal  sources  of 
this  product  are  the  districts  bordering  on  the  Lek  and  the  Waal,  the 
marshy  part  of  Friesland,  certain  islands  of  Zeeland,  Brabant  and  Gel- 
derland.  Each  of  these  varieties  of  brush  has  its  distinct  characterii^tics. 
Holland  brush  is  of  willow,  either  pollard  or  sapling,  or  osiers  grown  on 
the  foreshores,  between  the  dike  and  the  river.  The  latter  kind  must  be 
at  least  three,  the  former  of  four  years'  growth.  Schouw  (Zeeland)  brush 
is  of  five  to  seven  years'  alder,  willow  or  birch.  Gelderland  or  Limburg 
brush  is  five  years'  alder  or  fir,  three  years'  willow,  or  eight  years'  oak. 
The  Brabant  product  consists  mostly  of  oak,  ash,  birch,  hazel,  etc.,  of 
five  years' growth.  Gaasterland  brush  (Friesland)  is  of  birch.*  These 
varieties  are  subdivided  into  difl'erent  sizes  and  qualities  according  to  the 
purposes  for  Avhich  they  are  to  be  used.  Brush  is  employed  in  a  hun- 
dred ingenious  ways  in  Holland,  and  in  vast  quantities.  It  is  used  for 
baskets,  for  gabions  for  military  work,  for  fences,  for  dike  protection  in 
time  of  high  water,  for  retaining  in  place  rip-raji  which  protects  canal 
slopes,  etc.,  for  fouudations  to  spurs  for  silt  catching  and  the  like,  and 
for  the  greater  spurs  or  hoofden  which  play  such  an  important  part  in 
seaworks,  as  well  as  for  mattresses  and  fascine  work  of  all  kinds.  It  is 
also  used,  it  is  believed,  for  small  fuel.  It  is  met  with  everywhere,  stacked 
on  the  crown  and  slopes  of  the  dikes  for  high-water  use,  or  at  the  land- 
ings ready  to  be  loaded  on  barges  for  river-improvement  work.  As  there 
are  no  primitive  forests  left  in  Holland,  the  rough-and-ready  methods  of 
construction  which  prevail  in  America,  where  the  wild  and  natural 
growths  are  common  and  cheap,  cannot  find  jjlace  in  the  older  country. 
Instead  of  trees,  poles  and  large  brush,  which  would  be  of  loug  growth 
and  dear,  the  Dutch  use  combinations  of  small  brush,  which  can  readily 
be  raise  d  artificially  and  in  a  short  time. 

*  Algemeene  Voorschriften,  pp.  184-7. 
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Damages  to  dikes  must  hs  si^eeclily  repaired,  or  they  will  lead  cer- 
tainly to  increased  trouble  and  cost,  perhaps  to  actual  calamity.  If  the 
sodding  be  injured  and  the  slope  badly  washed,  the  damaged  spots  must 
be  leveled  oflf  by  paring  away  the  irregularities,  at  least  the  sharp  pro- 
jections, and  covering  the  place  with  a  straw  mat  or  a  dressing  of  reeds 
or  brush.  The  actual  filling  of  the  gaps  or  holes  is  not  recommended, 
as  it  is  difficult,  during  the  winter  season,  to  bring  about  a  thorough 
union  of  the  new  earth  with  the  old,  still  more  difficult  to  secure  a  good 
and  firm  sod.  The  least  storm  will  wash  away  the  new  work.  It  is  best 
therefore  to  use  palliative  measures  only  during  the  time  of  high  water, 
and  to  put  ofi'  the  complete  restoration  of  the  slope  to  a  later  season.* 
When  the  damaged  work  has  been  covered  with  a  straw  mat  the  gaps 
should  also  be  repaired  with  a  straw  mat,  without  previously  filling  with 
new  earth.  Brush  dressing  is  used  by  preference  in  those  jslaces  which 
were  previously  jjrotected  by  brush,  or  where  injuries  would  be  of  great 
consequence  and  a  straw  mat  alone  would  be  insufficient.  Especially 
is  brush  to  be  recommended  where  the  earth  is  so  badly  eroded  that  par- 
ing away  without  filling  would  not  make  a  slope  suitable  for  the  recep- 
tion of  a  straw  mat;  because  the  brush,  by  a  tight  and  strong  wattling, 
can  be  made  to  stand  at  a  much  steeper  slope,  and  is  much  better  for  the 
protection  of  the  new  earth,  if  such  must  be  used.  The  greater  costli- 
ness of  the  brush  di'essings  is  otfset  by  the  fact  that  most  of  the  material 
can  be  saved  and  used  again. 

If  the  outer  slope  be  so  far  cut  away  by  the  storm  as  to  encroach  upon 
the  crown,  as  often  happens,  it  becomes  difficult  to  restore  the  slope  so 
that  a  brush  dressing  will  stand,  without  a  filling  in  of  some  kind.  Then 
fascine  work  may  be  resorted  to,  or  a  facing  of  stakes,  timbers  or  beams, 
backed  by  planking  or  hurdles,t  as  either  of  these  materials  may  be  at 
hand,  or  can  be  got  most  cheaply  or  readily.  The  foot  of  such  a  struc- 
ture requires  protection  against  wash.  For  this  j)urpose,  the  bottom 
plank  of  the  revetment  may  be  set  from  8  to  12  inches  in  the  ground,  or 
short  upright  planks  may  be  driven  to  cover  the  foot.  A  layer  of  brush 
or  straw  may  be  placed  next  the  foot  of  the  work,  if  preferred,  of  a  breadth 
of  6  or  8  feet.  If  the  slope  be  covered  with  stone,  and  some  of  them  be 
displaced,  they  must  be  restored  to  their  position  as  soon  as  the  storm 

*  Storm-Buysiug,  Waterbouwkunde,  i,  399. 

t  Hurdles  are  defined  to  be  flat  wickerwork  pieces  of  irregular  sizes,  rectaDgular  in 
form,  from  2  to  4  feet  wide  aud  from  6  to  8  feet  long.  It  is  thought  they  are  not  much  used 
nowadajs. 
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permits,  or  if  tlie  iujury  be  great  and  the  soil  badly  cut,  the  stoue  and 
brick  rubble  must  be  cleared  away  altogether  and  replaced  by  a  stout 
brush  dressing. 

One  of  the  most  convenient  and  efiScient  means  of  protection  is 
afforded  by  tarpaulins,  weighted  so  as  to  cover  the  injured  slopes. 
They  cannot  be  used,  however,  where  there  are  already  stone  or  brush 
coverings,  as  they  are  soon  destroyed  by  the  projecting  stakes  or  sharp 
angles.  In  Friesland  and  Overyssel,  -where  the  dikes  are  mostly  well 
protected  by  grass,  tarpaulins  are  stored  in  the  dike  magazines,  and 
have  often  saved  the  dikes  from  breaking.  These  magazines  are  essen- 
tial features  of  the  dike  administration  throughout  the  Netherlands. 
They  are  placed  at  intervals  of  several  miles,  and  contain  the  imple- 
ments and  materials  most  likely  to  be  required  for  high-water  use,* 
namely,  wooden  mauls  of  different  sizes,  iron  hammers,  sledges,  post- 
hole  diggers,  rammers,  crowbars,  axes,  picks,  mattocks,  saws,  augers, 
wheelbarrows,  lanterns,  torches,  &c. ;  brush,  stakes,  timbers,  plank, 
spikes,  hurdles.  The  plank,  stakes  and  spikes  are  principally  intended 
to  raise  or  "  top  "  the  dikes,  in  case  of  necessity,  by  an  opkisting,  that 
is,  a  kind  of  small  temporary  coffer-dam  of  planks  set  on  edge  and  filled 
in  with  earth.  The  uses  of  the  brush  are  manifold,  and  some  of  them 
have  been  indicated.  It  seems  especially  much  used  on  the  river  dikes, 
which  are  generally  protected  only  by  grass.  After  high  water  it  is 
taken  up  again  and  stacked  in  bundles  on  the  dikes. 

One  of  the  most  alarming  and  serious  accidents  which  can  hapj^en  to 
a  dike  is  a  sudden  sinking  or  collapse,  caused  by  the  undermining  of 
the  bank  below  the  water-line.  These  slips  are  not  at  all  the  result  of 
storms,  but  of  the  steady  action  of  the  current,  and  happen  frequently 
in  time  of  dead  calm.  The  treatment  of  siich  a  case  depends  on  the 
nature  of  the  injur j  and  the  extent  of  the  danger.  In  general,  the  first 
thing  to  be  done  is  to  build  up  the  bank  under  water  by  a  close  but  light 
brushwork,  in  order  to  jDrevent  further  sliding.  If  the  damage  is  not 
extensive,  this  work  may  be  carried  on  until  the  outer  slope  is  rebuilt. 
The  brushwork,  which  is  laid  in  tiers,  in  bundles,!  is  covered  with  cubes 
of  clay  taken  from  the  foreshore,  which  weight  it,  and  assist  in  protect- 
ing the  sand  strata  of  the  bank.  If  the  iujury,  however,  extend  to  the 
inner  slope,  it  will  probably  be  necessary  to  build  a  new  dike  inside  of 

*  Storm-Buysing,  ii,  58-9. 

t  There  is  a  special  kind  of  brushwork  called  baardwerk  or  bleeswerk,  which  is  adapted 
to  this  purpose. 
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the  old  one.  Interior  dikes  are  sometimes  built,  to  give  additional  pro- 
tection to  very  important  and  very  exposed  jioints,  as  in  the  case  of 
the  Petten  and  Hondsbosch  dike,  Avhich  is  of  sand.  There  is  a  slapeixlyh 
or  interior  dike  here,  which  would  at  least  protect  the  country  south  of 
that  great  work,  should  it  yield  to  the  sea. 

Should  breaks  unfortunately  occur,  they  must  be  closed  as  soon  as 
the  state  of  the  water  will  permit.  In  the  case  of  rivers,  there  is  usually 
no  difficulty,  provided  we  wait  until  the  flood  is  past.  Where  the  gap 
is  in  a  sea  dike,  however,  the  task  may  be  a  very  serious  one,  from  the 
constant  in-and-outflow  of  the  tides.  This  is  sometimes  specially  em- 
barrassing if  the  channel  through  which  the  tide  flows  be  too  narrow  to 
fill  the  internal  basin  till  the  end  of  the  flood — for  then  there  is  no  slack 
water  at  all,  but  a  continual  current  one  way  or  the  other,  which  is  often 
so  strong  as  almost  to  preclude  work.  It  is  frequently  necessary,  in 
such  cases,  to  enlarge  the  channel.  Again,  if  the  current  through  the 
break  be  very  strong  and  the  basin  very  large,  the  capacity  of  the 
latter  may  be  diminished  by  diking  off  a  jjortion  of  it.  Such  a  process 
may  be  repeated  two  or  three  times,  as  happened  at  the  closure  of  the 
Dokkumer  Diep,  in  Friesland,  in  1729.  It  is  evident  that  earth  alone 
will  not  suffice  for  a  dam  in  such  cases,  for  it  will  be  washed  away  as 
fast  as  it  is  put  down.  Some  more  coherent  material  must  be  used,  as 
a  foundation  at  least,  to  hold  the  earth  in  place.  The  body  of  the  dike 
may  be  composed  of  earth,  inclosed  between  a  mattress  of  some  sort 
on  the  bottom  and  zinTcstukken  in  layers  on  the  sides,  as  in  the  case  of 
the  Schellingwoude  dam,  hereafter  to  be  mentioned. 

The  dangers  of  disaster  to  the  river  dikes  of  the  Netherlands,  though 
not  peculiar  to  that  country,  are  yet  not  exactly  the  same  as  threaten 
the  levees  of  the  Mississii^pi.  The  source  of  greatest  peril  to  the  lands 
bordering  on  the  branches  of  the  Kliine  is  the  gorging  of  ice  in  the 
shallows  and  bends — an  incident  unknown  to  the  great  American  river 
in  its  alluvial  part.  On  the  other  hand,  the  most  serious  cause  of  alarm 
to  the  dwellers  in  the  Mississippi  Valley  is  the  long  duration  of  the  high 
stages — a  phenomenon  which  seldom  or  never  occurs  in  the  rivers  of 
Holland,     Danger  of  inundation  may  arise,  say  the  Dutch  engineers,* 


*  Beekman,  Nederluncl  als  Polderland,  p.  42.  Id.  De  Strijd  om  het  Bestaau,  p.  31. 
Storm-Buysing,  ii,  30-31.  Mr.  Beekman  was  formerly  an  officer  of  engineers,  and  is  now  a 
professor  in  the  Gymnasium  at  Zutpheu.  His  works,  which  are  very  recent  and  mostly  of  a 
non-techuical  nature,  are  very  popular,  and  have  done  much  to  diffuse  a  knowledge  of  the 
dike  and  water  system  of  Holland  among  the  Dutch  themselves. 
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first,  in  open  water,  that  is,  when  there  is  no  heavy  ice  running;  and 
second,  in  the  opposite  event,  through  engorgement  or  jamming  of 
masses  of  the  said  ice.  Breaks  in  the  former  case  are  very  rare.  When 
they  do  occur,  it  is  mostly  from  sinking  or  giving  way  of  the  dike  or 
its  foundation,  and  this  through  four  causes: 

First. — Undermining,  in  the  case  of  a  sheer  dike,  that  is,  one  with- 
out a  foreshore,  by  the  direct  action  of  the  current.  The  means  of 
meeting  this  danger  have  already  been  described. 

Second. — Leakage  through  or  under  the  dike.  If  through  the  dike, 
it  may  occur  through  the  im^ierfect  compacting  of  the  layers  of  earth 
which  compose  the  dike,  or  for  other  reasons.  It  is  often  very  manifest 
to  the  eje,  being  revealed  by  moist  spots  on  the  inner  slope,  and  some- 
times by  sjirings  or  wells  lower  down.  Sometimes  the  sources  of  these 
springs  are  situated  high  up  on  the  outer  slope— sometimes  very  low — 
wherefore  they  "work,"  as  the  Dutch  express  it,  at  very  variable 
stages.  The  sinkings  occur  frequently  at  the  highest  water,  but  often, 
also,  singular  as  it  may  appear,  on  a  falling  river.  This  strange  phe- 
nomenon may  be  explained  by  supposing  that  the  opening  on  the  out- 
side is  high  up,  and  ceases  to  operate  at  lower  stages.  The  hole  through 
the  dike  is  then  filled  with  water  at  flood-time,  and  a  constant  though 
slow  current  passes  through  it,  gradually  scouring  ont  the  sandy 
material,  if  such  there  be,  through  which  it  passes.  Thus  a  cavity  is 
formed,  the  sides  of  which  are  sustained  by  the  pressure  of  the  water  as 
long  as  it  is  full.  When  the  river  falls,  however,  the  supply  from  the 
source  is  cut  off",  the  cavity  emptied,  and  its  walls  consequently  collapse, 
causing  a  tumbling  in  of  the  loose  material,  and  eventually  a  sinking 
in  of  the  crown  or  sloj)e  of  the  dike.  The  same  cause  may  operate 
under  instead  of  in  the  body  of  the  dike,  producing  then  cavities  in  the 
foundation  or  underground.  These  holes  do  not  at  first  give  any  trouble, 
while  they  are  small  and  are  easily  upheld  by  the  pressure  of  the  internal 
water.  It  may  require  a  series  of  years  and  a  number  of  small  col- 
lapses to  bring  the  cavities  to  such  a  size  that  their  falling  in  will  cause 
a  similar  sinking  on  the  jmrt  of  the  hard  outer  crust. 

Third. — Through  the  weakness  of  the  foundation.  The  pressure  of 
the  water  increases  until  the  loose  and  porous  underground  can  no 
longer  stand  it  and  gives  way  laterally,  when,  of  course,  a  sinking  or 
even  the  total  destruction  of  the  superstructure  will  result.  In  such  an 
€vent  the  dike  is  said  to  stand  on  bad  soil  {op  slechi  staal  rustea).     The 
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important  Lek-dikes  are  in  this  predicament.  So  is  the  New  South 
Linge  dike.  A  sinking  may  also  result  from  the  mere  softness  or  com- 
pressibility of  the  underground.  These  accidents  generally  occur  in  the 
course  of  construction,  and  the  greater  part  of  the  settling  manifests  itself 
before  the  completion  of  the  work.  Very  frequently,  however,  the  advent 
of  the  spring  flood  is  the  signal  for  further  sinking — the  underground, 
which  may  have  partially  dried  out,  being  again  infiltrated  with  water, 
and  consequently  softened. 

Fourth. — Through  actual  overflow  over  low  j^laces.  If  once  water  be 
permitted  to  run  over  a  dike,  if  the  material  be  at  all  sandy  (as  it  fre- 
quently is,  on  the  back  slope  at  least),  it  begins  at  once  to  cut  gullies, 
which  rapidly  increase  in  depth  and  width.  The  overpour  immediately 
begins  to  tell  on  the  back  slope,  which  is  speedily  scoured  into  holes,  till 
large  fragments  fall  in,  and  a  break  is  the  result. 

The  most  formidable  danger  is  from  ice  gorges.  Unlike  most  of 
the  rivers  of  the  United  States,  the  Bhine  flows  from  south  to  north, 
and  the  coldest  climate  which  it  encounters  is  at  its  mouth.  Hence  the 
thaw  sets  in  first  at  the  upper  part  of  its  course  and  sets  free  vast  quan- 
tities of  floating  ice,  which,  meeting  the  colder  weather  in  the  lower 
reaches,  wedges  itself  into  fast  and  thick  ice  dams,  which  form  a  serious 
obstacle  to  the  flow  of  the  rapidly  increasing  waters  from  above — and 
this  all  the  more  that  such  gorges  frequently,  or  generally,  are  found  in 
shallow  places,  where  the  river  has  been  silted  up.  Hence  results  a  rise 
of  the  flood  waters  which  has  no  other  limit  than  the  breaking  of  the 
gorge  or  the  overflow  or  desti-uetion  of  the  dikes.  To  obviate  this,  it 
has  long  been  the  custom  to  make  the  dikes  a  certain  distance  highe: 
than  the  greatest  flood  waters  free  from  ice.  This  distance  was,  in  th 
case  of  the  most  important  dikes,  1  meter;  and  that  grade  has  now 
been  increased  still  further  to  1  meter  above  high  watei*,  ice  gorges 
included.  This  will  probably  render  unnecessary  the  device  that  has 
often  been  adopted,  as  has  already  been  noted,  of  raising  the  dike  by 
temporary  tojjping. 

It  may  be  interesting  to  note  the  difference  between  these  conditions 
and  those  which  prevail  on  the  Mississippi,  as  induced  by  the  difference 
of  regimen  of  the  two  rivers.  The  Rhine  rises  in  Switzerland,  paesefl; 
through  Lake  Constance,  and  when  it  leaves  Basle  is  still  a  mountaiil 
stream,  whose  width  is  between  500  and  600  feet,  and  whose  average] 
depth,  according  to  Baedeker,  is  from  3  to  12  feet.     From  Basle  to  Em' 
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mericli,  a  few  miles  before  it  reaches  Holland,  according  to  the  same 
authority,  is  436.5  miles,  and  from  Emmerich  to  the  North  Sea,  at 
Brielle,  only  101  miles  more.  The  floods  of  the  Rhine  proceed  mostly 
from  the  rains,  snows  and  glaciers  of  the  Alps,  and  have  the  character- 
istic features  of  their  mountain  origin;  that  is,  they  are  short  and  shari). 
They  are  somewhat  modified  by  passing  through  Lake  Constance,  which 
acts  as  a  regulating  reservoir,  making  their  duration  a  little  longer  and 
their  height  not  quite  so  great.  Even  then  they  are  up  and  down  in  a 
few  days.  The  time  during  which  they  stand  within  2  feet,  for  instance, 
of  the  top  of  the  flood,  is  seldom  more  than  ten  days,*  even  at  the  lower 
parts  of  their  coiirse,  as  Schoonhoven  or  Gorinchem,  and  still  less  higher 
up.  The  author  has  before  him  the  hydrographs  of  the  principal  rivers 
for  several  years,!  from  which  is  selected  the  hydrograph  of  the  Lek  for 
1888,1  ^'^  presenting  the  greatest  flood  during  that  period — which,  however, 
falls  some  4  feet  below  extreme  high  water.  Contrast  this  with  the  accom- 
panying hydrograi)h  of  the  Mississippi  for  1890,  J  when  the  river  stood 
at  a  stage  of  more  than  41  feet  on  the  gauge  at  Greenville,  581  miles  from 
the  mouth  (43.45  being  the  highest),  from  the  7th  of  February  to  the 
27th  of  Ajjril — seventy-nine  days.  In  1891  the  Greenville  gauge  read 
42  feet  or  more  (43.25  being  the  highest),  from  the  17th  of  March  to  the 
29th  of  April — forty-three  days.  The  levees  of  the  Mississippi  are  fully 
as  high  as  those  of  the  Lek  and  the  Waal,  ||  and  some  portions  are  much 
higher.  It  is  evident  that  the  great  duration  of  the  floods  of  the  Missis- 
sippi affords  an  additional  and  very  serious  element  of  danger.  It  is 
true  that  well-constructed  and  water-tight  earthen  embankments,  of  the 
best  material,  ought  to  resist  hydrostatic  pressure  indefinitely;   but  per- 

Efection  of  construction  is  never  attained  in  river  dikes,  for  reasons  already 
given.  The  dangers  above  adverted  to,  of  the  formation  of  cavities 
within  or  under  the  body  of  the  dike  by  reason  of  infiltration  and  per- 
colation, and  of  the  absolute  giving  way  of  the  stratum  (if  weak)  on 
■which  the  dike  rests,  are  greatly  magnified  when  the  time  of  trial  is  in- 
creased fourfold  or  tenfold.  If  there  be  any  weak  spots  in  the  embank- 
ment, its  enemy,  the  water,  will  find  them  out,  and  the  more  certainly 
the  longer  and  more  trying  the  exjjosure.     If  the  dike  be  unsound  in 

*  Mr.  Leemans. 

t  Through  the  kindness  of  Mr.  H.  E.  Bruyn,  of  the  Waterstaat  Office. 

t  See  Plate  LIX.  It  must  be  remembered  that  the  two  gauges  are  on  tlififerent  scales — 
one  of  meters,  the  other  of  feet. 

II  About  11  feet,  it  is  supposed,  is  a  fair  average  for  each.  In  the  Mississippi  Levee  Dis- 
trict (on  the  left  bank  of  the  Mississippi)  it  is  almost  exactly  11  feet. 
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any  place,  the  defect  may  show  itself  in  a  leak  or  "  well  "  on  the  inside, 
or  it  may  remain  latent  until  the  last  moment,  and  then  result  in  a  slough, 
a  sinking  or  an  absolute  break,  without  warning. 

Experience  confirms  this  reasoning.  The  engineers  and  riparian 
dwellers  of  the  Mississippi  Valley  do  not  so  much  dread  a  sharp  and  short 
flood  as  a  prolonged  one.  As  the  people  say,  '« the  levees  get  rotten," 
and  the  foundations  still  more  so.  After  several  weeks  of  high  water,  it 
IS  found  that  in  places,  and  sometimes  for  miles,  the  natural  surface  on 
the  land  side  of  the  levee  becomes  so  soft  that  it  will  not  bear  the  weight 
of  a  horse  or  of  a  vehicle,  and  a  sharp  rod  may  be  thrust  into  the  ground 
for  8  or  10  feet  or  more.  Even  in  the  body  of  the  levee  such  spots  some- 
times  are  met  with,  though  they  are  not  now  so  frequent  as  tliey  once 
were.  These  places  are  always  regarded  with  alarm  by  the  people, 
though  they  are  not  uniformly  or  generally  precursors  of  disaster— being 
formidable  or  not,  according  to  the  head  of  water  against  them,  the 
dimensions  of  the  bank  and  the  nature  of  the  soil.  In  point  of  fact,  dis- 
asters  have  been  more  common  where  the  ground  near  the  base  has  been 
comparatively  dry.  Nevertheless,  the  soft  spots  are  always  given  atten- 
tion, the  remedy  applied  being  usually  a  banquette,  resting  on  a  layer  of 
brush,  to  prevent  sinking  and  the  contamination  of  the  new  earth  by  the 
leak  water. 

The  cavities  developed  in  a  levee  by  gradual  and  prolonged  scour 
through  sandy  material  are  occasionally  met  with  in  the  Mississippi 
levees  and  are  popularly  called  "cisterns."  They  are  not  common,  at 
least  so  far  as  discovered,  being  generally  found  out  only  by  accident. 
Disasters  of  unknown  origin  have  frequently  been  attributed  to  this 
cause,  but  for  the  most  part  on  very  imperfect  evidence  of  the  negative 
kind,  that  is,  there  was  no  other  way  of  accounting  for  the  break. 
Very  frequently  alarming  holes  break  out  on  the  land  side,  throwing  out 
arge  quantities  of  sand— several  cubic  yards  perhaps— which  distributes 
Itself  in  the  shape  of  a  regular  conical 
jrater.  After  the  first  outburst,  the  dis-  ^^^^^  ^^ 
jharge  of  sand  generally  ceases,  or  becomes 
mperceptible,  the  holc^  still  pouring  out 
!onsiderable  volumes  of  water.     The  con-  Fig.  6. 

luit,  when  sounded,  is  found  to  be  vertical  for  a  considerable  depth.  It  is 
fvident  that  the  sand  which  was  discharged  has  left  a  cavity  somewhere, 
•ut  probably  pretty  deep  under  the  surface.     These  holes  are  always 
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viewed  with  apprehension,  though  the  author  has  never  positively  known 
them  to  be  the  cause  of  disaster.  They  may  perhaps  have  been  the  source 
of  breaks  which  have  not  been  accounted  for.  They  are  treated  in  various 
ways:  "hoops  "are  buUt  around  them;  they  are  smothered  by  brush 
and  earth;  if  they  are  surrounded  by  water,  which  is  commonly  the 
case,  they  are  covered  by  mattresses  of  sacks,  or,  if  not  specially  for- 
midable, they  are  let  alone  and  carefully  watched.  Very  often  they 
choke  themselves  up.  They  are  known  in  local  parlance  as  "sand- 
boils." 

A  peculiar  cause  of  menace  to  the  Mississippi  levee  is  unsoundness. 
The  system  has  grown  from  very  small  beginnings  in  a  very  short  time, 
and  it  is   only  recently  that  it  has   been   subjected  to  uniform   and 
methodical  control.      "Before  the  war,"   it  is   asserted,   the   location 
and  construction  of  levees  was  in  charge  of  local  boards  of  landed  pro- 
prietors who  employed  engineers  merely  to  stake  oflf  and  estimate  the 
work.     In  1859,  in  Mississippi  at  least,  the  first  attempt  to  organize  the 
building  of  levees  on  a  thorough  and  scientific  scale  was  made,  but  it  was 
soon  interrupted.     The  labors   of  the  Mississippi  Kiver  Commission, 
however,  gave  a  decisive  impulse  to  careful  and  systematic  work,  by 
precise  surveys  of  the  river  and  a  continuous  line  of  levels.     As  the 
reclamation  of  additional  territory  and  the  more  nearly  complete  con- 
finement of  the  flood  waters  rendered  necessary  the  heightening  and 
strengthening    of    the  levees,    the    latter    soon    attained   considerable 
dimensions,  and  dangers  were  developed  that  had  not  been  previously 
suspected,  necessitating  increased  and  minute  precautions.     It  was  not 
possible,  however,  to  overhaul  completely  the  older  works,  many  of 
which  were  good  and  sound,  while  many  were  just  the  reverse,  neither 
could  it  be  said  with  certainty  what  was  the  exact  condition  in  each 
instance,  for  most  of  the  old  records  had  disappeared  during  the  war  or 
the  period  of  misrule  and  confusion  which  followed  it.     Consequently 
there  is  a  doubt  hanging  over  a  great  part  of  the  older  line,  and  many 
fine-looking  works  are  more  than  suspected  of  having  decaying  wood, 
etc. ,  in  their  interior.     It  has  been  attempted  to  overcome  this  defect  by 
giving  these  suspected  banks  a  great  additional  volume  of  earth,  and  no 
doubt  this  will  eventually  cure  them,  but  in  the  meantime  they  some- 
times develop  weakness  in   unexpected  places  and    occasionally  they 
break  without  notice. 

Formerly,  the  most  common  of  all  causes  of  breaks  in  the  Mississippi 
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levees  was  simple  overflow,  the  water  running  over  the  top  of  the  dikes. 
In  1882  it  is  said  that  out  of  a  great  number  of  breaks  in  the  levees  of 
the  Yazoo  Basin  (one  of  tlie  great  "bottoms"  of  the  Mississippi),  all  but 
two  were  caused  by  overflow.  To  explain  this  statement  it  must  be 
noted  that  this  was  the  greatest  flood  which  has  ever  occurred,  so  far  as 
can  be  ascertained.  So  enormous  was  the  volume  of  water,  that  in  spite  of 
the  fact  that  there  were  almost  no  levees  in  Arkansas  and  a  very  defective 
line  in  Mississippi  and  Louisiana,  the  flood  overtopped  even  those  levees 
that  were  in  existence.  When  it  was  found  that  the  dikes  were  altogether 
too  low,  vigorous  attempts  were  made  to  prevent  the  threatened  inunda- 
tion by  devices  similar  to  the  opkis/ing  of  the  Dutch,  that  is,  by  temporary 
topping,  sometimes  with  plank,  sometimes  with  sacks,  sometimes  with 
mere  loose  earth,  cut  in  the  haste  of  the  emergency  from  the  back  slope 
of  the  levee  itself.  In  this  way  the  people  managed  to  keep  up  with  the 
daily  rise  by  constant  work,  until  the  night  of  the  28th  of  February, 
when  a  violent  storm  of  wind  and  rain  arose,  driving  the  waves  over  the 
weak  and  new  work  and  completely  sweeping  it  away.  The  water  then 
poured  over  the  levees  broadcast,  and  the  next  morning  there  were  30  or 
40  breaks,  great  and  small,  the  overpour  cuttiag  away  the  back  slope, 
already  partially  denuded  of  its  sod,  and  enlarging  the  gnllies  in  the 
crown.  Breaks  in  sandy  levees  enlarged  with  great  rapidity.  Clay 
embankments  stood  much  better,  but  could  not  resist  very  long.  The 
Louisiana  levees  met  with  a  similar  fate.  Some  of  the  "crevasses"  in- 
creased to  enormous  dimensions,  1  600  feet  or  so,  and  the  total  volume 
which  went  over  the  two  banks  was  nearly  half  of  the  entire  contents  of 
the  river. 

Having  discussed  pretty  fully  the  princijsles  of  dike  construction,  we 
may  look  at  some  of  the  types  that  present  themselves  in  existing  struct- 
ures. The  author  visited  the  principal  river-dikes  and  made  notes  and 
sketches  of  their  actual  dimensions  from  which  Plates  LX-LXVI  have 
been  drawn.  In  arriving  at  these  dimensions,  measurements  were  oc- 
casionally made,  but  not  often.  Generally  they  were  estimated  by  the 
eye,  a  pretty  well-practiced  eye,  however,  in  such  matters. 

The  most  important  dike  in  Holland,  after  the  sea  dikes,  is  the  dike 
which  borders  the  northern  bank  of  the  Lek.  It  is  also  the  most 
dangerous.  For  the  distance  from  Amerongen  to  Krimpen,  the  Northern 
Lek  dike  has  always  been  the  cause  of  great  solicitude  to  all  Holland. 
Consequently,  a  vast  deal  of  work  has  been  spent  upon  it.     Year  after 
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year  it  has  been  raised,  strengthened,  provided  with  flatter  slopes 
and  furnished  with  banquettes.*  Yet  even  now,  so  disastrous  would  be 
the  consequences  of  a  break  in  the  northern  dike,  that  it  has  been 
proposed  to  put  sluices  in  the  southern  Lek  dike,  or  even  in  emergency 
to  cut  it,  so  as  to  relieve  the  other  side.  The  reason  of  this  extreme 
solicitude  about  the  one  side  of  the  river  rather  than  the  other,  is  that 
the  Lek  is  the  northernmost  of  the  Dutch  rivers  (except  the  insignifi- 
■cant  Yssel,  whose  valley  is  shut  off  from  the  rest  by  the  highlands  of  the 
Veluwe),  and  the  whole  of  the  provinces  of  Utrecht  and  South  Holland 
and  even  a  portion  of  North  Holland  are  dependent  upon  it— in  other 
words,  the  richest  and  most  valuable  lands  in  the  kingdom  and  also  the 
lowest  in  situation.  The  drainage  of  this  district,  in  fact,  is  mostly  arti- 
ficial by  pumping,  and  many  of  the  deep-lying  polders,  or  droogmakeryen, 
as  they  are  called,  are  from  12  to  18  feet  below  mean  flood  and  far  below 
low  water.  In  case  of  a  general  overflow,  then,  this  whole  country 
would  become  a  vast  lake,  with  no  natural  exit  for  the  water,  and  only 
to  be  emptied  by  the  laborious,  expensive,  and,  worst  of  all,  slow  process 
of  pumi^iug. 

The  northern  Lek  dike,  then,  and  another  very  important  dike,  the 
new  south  Linge  dike,  also  built  on  very  bad  soil,  may  be  taken  as  types 
of  the  most  recent  and  most  careful  construction  under  the  most  un- 
favorable circumstances.  The  borings  at  Vreeswyk  show  the  nature  of 
the  underground  of  the  northern  Lek  dike.  Unfortunately,  no  records 
are  at  hand  of  borings  on  the  banks  of  the  Linge.  Beekman  merely  says 
that  the  new  southern  dike  rests  on  very  bad  soil  and  it  is  known  that  it 
gave  way  in  1820.  The  northern  Lek  dike,  from  Wyk-by-Duurstede  to 
Vreeswyk,  will  average  probably  12  or  13  feet  in  height,  with  a  crown  of 
about  25  feet  (7.5  meters),  slopes  equivalent  to  about  3  to  1  on  each  side, 
back  slope  a  little  the  steeper,  so  that  usually  the  proportions  are  2.5  or 
2.75  to  1  and  3.5  or  3.25  to  1  respectively.  There  is  a  banquette  on  the 
land  side  all  the  way,  with  a  crown  of  10  to  20  feet  and  a  slope  of  about 
5  to  1,  or  dimensions  equivalent  thereto.  Usually,  indeed,  there  is  no 
well-defined  crown  at  all,  but  a  convex  slope  all  the  way,  and  this  is 
especially  the  case  with  the  newer  constructions.  The  banquette  gener- 
ally begins  about  8  feet  below  grade.  At  Wyk-by-Duurstede  a  section 
of  dike  600  feet  long  or  so  was  built  of  brick,  front  vertical,  back  built 
in  offsets,  height  about  8  feet,  base  about  equal  to  altitude.  Gap  in  the 
*  Beekman,  "  Nederland  als  Polderland,"  p.  46. 
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middle  with  grooves  to  receive  stop  plauk,  as  hereafter  noted.  The  river 
is  crossed  at  Wyk-by-Duurstede  by  a  flying  bridge  or  ferry-boat  moved 
by  the  current.  Vreeswyk  is  connected  with  Vianen  by  a  pontoon 
bridge  like  that  at  Cologne.  One  or  two  of  the  sections  are  movable, 
being  worked  in  and  out  of  place  by  an  anchor  and  windlass.  Some  of 
the  pontoons  were  of  iron  and  some  of  wood.  From  Vreeswyk  to  Schoon- 
hoven,  which  was  as  far  down  as  the  inspection  extended,  the  dimensions 
are  usually  about  these:  Crown,  6  meters;  slopes  about  2. 5  to  land  3. 5  to  1; 
banquette,  12  to  30  feet  wide,  8  feet  below  grade.  This  the  author  found 
about  the  rule.  The  crown  has  a  single-track  graveled  road  about  6  feet 
wide,  sometimes  a  little  broader,  all  the  way  from  Wyk-by-Duurstede  to 
Schoonhoven.  There  was  an  ordinary  cable  ferry  from  Schoonhoven  to 
Nieuwpoort,  the  cable  being  of  wire.  The  ferry-boat  had  almost  a  sea- 
going model,  with  a  lee-board,  which  was  used,  as  there  was  a  brisk  wind. 
The  river  is  about  1  500  feet  wide.* 

The  southern  Lek  dike,  as  it  is  of  less  importance,  is  generally  in- 
ferior in  dimensions  to  the  northern  dike.  It  is  very  irregular,  having 
been  worked  on  apparently,  at  different  points  and  at  different  times,  as 
emergencies  arose  or  notable  deficiencies  discovered  themselves,  from 
weakness  of  soil  or  other  causes.  From  a  j)oint  opposite  Wyk-by- 
Duurstede,  or  say  Culemborg  to  Vianen,  it  would  average:  Crown,  5 
meters;  sloj^es,  2  to  1  and  2.5  to  1  or  their  equivalent;  height,  10-12  feet, 
small  banquette  at  intervals.  From  Vianen  (opposite  Vreeswyk)  to 
Nieuwpoort  (opiiosite  Schoonhoven),  same  dimensions,  with  banquette 
of  12  feet  crown,  slope  3  to  1.  Here  it  should  be  noted  that  in  almost 
all  cases  the  land  on  the  river  side  of  the  dike  is  higher  by  perhaps  2 
feet  than  on  the  land  side,  from  silting  up.  Great  jjains  are  taken  to 
promote  this  action  by  the  building  of  "  silt  catchers  "  or  low  spurs, 
extending  from  the  dike  to  the  river  bank.  These  spurs  are  constructed 
of  brush  faced  with  stone  or  brick  rubble,  sometimes  merely  with  rough 
fragments  or  refuse.  They  are  all  but  universal.  Occasionally,  close 
rows  of  willows  are  substituted  for  them,  as  is  common  on  the  upper 
Rhine.  The  author  observed  in  a  few  places,  on  the  dike  he  is  describ- 
ing, banquettes  placed  in  terraces,  two  or  thi*ee  at  a  time,  each  perhaps 
3  feet  high  and  12  feet  wide.  It  is  quite  evident,  in  fact,  that  this  dike 
is  a  kind  of  patchwork  of  the  type  very  familiar  to  the  Mississijipi 
engineer,   built  as  exigencies  compelled  and  means  allowed.     In  one 

*  See  Plates  LX  aud  LXI. 
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place,  a  small  interior  dike  was  noticed,  about  3  feet  high  and  abotit 
2  000  feet  long,  no  doubt  intended  to  form  a  basin  or  hoop,  as  has  been 
already  observed,  to  be  filled  with  water  for  a  counter-pressure.  Neither 
the  northern  nor  the  southern  dike  has,  as  a  general  rule,  any  i^rotection 
against  winds  except  sod.  Occasionally  the  southern  dike,  when  it  is 
"sheer,"  as  the  Dutch  say,  or  has  little  foreshore,  as  at  Ameide,  is  pro- 
tected by  a  revetment  of  basalt.  The  crown  has  a  graveling  of  6  feet 
wide  all  the  way.  Most  of  the  different  types  here  noted  are  presented 
on  the  plates.*  It  is  not  intended  at  all  to  exhibit  these  as  representa- 
tions of  the  average  dike,  but  only  to  show  diversities  of  construction. 
Sometimes  two  or  three  of  the  types  have  occurred  within  half  a  mile. 

The  Linge  dikes  really  belong  to  the  system  of  interior  dikes,  and 
their  mission  (especially  that  of  the  southern  dike)  is  not  only  to  confine 
the  water  of  the  river  which  they  inclose,  but  to  serve  as  internal  barriers 
against  the  spread  of  a  possible  inundation  from  a  breach  in  the  southern 
Lek  dike  or  the  northern  Waal  dike.  The  functions  of  the  Linge  dikes 
are  somewhat  complicated  and  are  not  well  understood  even  by  some  of 
the  Dutch  engineers  not  personally  acquainted  with  them.  They  will  be 
considered  later  on. 

The  Waal  dikes  were  examined  from  Tuil,  nearly  opposite  Zalt- 
Bommel,  to  Gorinchem,  on  the  northern  bank,  and  from  Fort  Sint  Andries 
to  Woudrichem  on  the  southern  side,  as  well  as  from  Sleeuwyk  west- 
ward, along  the  northern  boundary  of  the  Biesbosch.  The  northern 
dikef  has  a  crown  of  about  5  meters,  slopes  of  about  1.5  to  1  and  2  to  1, 
the  flatter  slope  being  always  on  the  river  side,  here  and  elsewhere, 
unless  otherwise  specified.  Height  10  to  13  feet,  varying  all  the  time. 
Banquettes  only  occasionally  and  not  large  at  that.  Houses  close  on 
both  sides,  built  on  and  in  the  slope  of  the  dike  habitually  all  the  way. 
Crown  graveled,  of  course.  Slopes  and  banquette  often  cultivated.  It 
will  be  observed  that  these  dimensions  are  decidedly  small,  considering 
the  height  of  the  dike  and  the  magnitude  of  the  river  which  it  is  designed 
to  confine.  For  this  two  causes  may  be  assigned:  First,  it  would  appear 
that  the  soil  on  the  banks  of  the  Waal  is  stronger  than  usual.  The  author 
examined  some  pits  near  Fort  Sint  Andries  and  found  excellent  clay  and 
loam  as  deep  as  the  pits  went,  some  10  feet.  (The  pits  were  a  lon^-  way 
off— perhaps  300  feet.)     The  brick  of  the  Waal   are  famous  for  their 

*  See  Plates  LXI  and  LXII. 
t  See  Plato  LXIII. 
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strength.  Second,  he  was  informed  that  the  Tielerwaard  was  not  in  as 
good  financial  or  administrative  condition  as  some  of  the  other  dis- 
tricts. His  informant,  who  was  merely  his  driver,  being  perhaps  a  good 
Republican,  or  knowing  that  the  author  was  one,  attributed  this  to  the 
fact  that  the  land  in  the  Tielerwaard  was  in  the  hands  of  a  few  noble- 
men who  are  also  the  controlling  power  in  the  dike  administration  of 
the  district.  These,  he  said,  do  not  like  to  put  up  their  money,  unless 
for  their  immediate  benefit.  Hence,  the  dikes  in  the  vicinity  of  the  resi- 
dences, etc.,  are  well  maintained,  but  the  remoter  parts  are  neglected. 
The  gentlemen  ought,  he  said,  to  see  the  dikes  of  the  Alblasserwaard  ! 
There,  there  are  many  small  proprietors  who  contribute  liberally  to  the 
dike  fund.  Hence,  the  Alblasserwaard  is  rich  (that  is,  it  may  be  sup- 
posed the  dike  administration  is  in  a  flourishing  condition),  and  the 
Tielerwaard  is  poor  in  the  same  sense.  There  was  no  sign  of  its  being 
poor  otherwise.  He  said  the  Bommelerwaard,  on  the  south  side  of  the 
river,  was  in  the  same  condition  as  the  Tielerwaard.  The  author  after- 
ward saw  some  of  the  dikes  of  the  Alblasserwaard,  but  cannot  aver  that 
there  was  much  dififereuce. 

The  south  Waal  dike,*  for  two  miles  below  Fort  Sint  Andries,  has 
a  crown  of  6  meters,  and  slopes  of  about  2  to  1  on  each  side.  From 
this  point  to  Zalt-Bommel  the  crown  is  6  meters,  while  the  slopes  are 
about  2  to  1  and  3.5  to  1.  Outer  slope  Itroken,  steep  part  revetted  with 
basalt  to  about  3  feet  from  the  top.  Banquette  in  places  narrow,  10 
feet  or  less.  From  Zalt-Bommel  to  Gameren,  crown  6  meters,  slopes 
variable,  averaging  about  2  to  1  and  3  to  1.  Height,  about  14  feet. 
From  Gameren  to  Nieuwaal,  crown  6  meters,  slopes  sometimes  as  steep 
as  1  to  1  and  2  to  1.  Average,  perhaps,  1.5  to  1  and  2  or  2.5  to  1. 
Height  about  11  feet.  From  Nieuwaal  to  Zuilichem,  crown  4  meters, 
slopes  2.5  to  1  on  each  side.  Height,  10  to  12  feet.  Trees  on  both  slopes. 
From  Zuilichem  to  Brakel,  same  dimensions.  Below  Brakel,  crown 
2.5  to  3  meters,  slopes  1.5  to  1  and  2  to  1,  faced  with  basalt  outside; 
banquette  10  feet  crown,  slope  3  to  1,  graveled  and  used  as  a  roadway, 
contrary  to  the  usual  practice.  Elsewhere  on  this  line  and  generally 
the  roadway  is  on  the  crown  of  the  dike.  The  driver  said  that  the 
dike  broke  at  Brakel  in  1871.  He  was,  perhaps,  mistaken  in  the  date,, 
but  there  is  no  doubt  about  the  break.     Beekman  says  the  Bommeler- 

*  See  Plate  LXIV. 
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waard  was  overflowed  in  1861.*  Below  Brakel  the  so-called  Mimnike- 
land  dike  is  nothing  but  a  kade  or  quay,  as  the  Dutch  call  their  low 
embankments. 

At  Woodrichem  the  Maas  empties  into  the  Waal,  and  the  stream 
takes  the  name  of  the  Merwede.  The  southern  dike  of  the  Merwede, 
where  the  author  saw  it,  namely  from  Sleeuwyk  to  the  Biesbosch,  was 
7  or  8  feet  high,  with  a  crown  of  about  6  meters,  slopes  of  about  2  to  1, 
banquette  a  good  deal  of  the  way — front  sometimes  faced  with  basalt. 
In  front  of  the  Biesbosch  (along  the  New  Merwede)  slopes  3  to  1  or 
more.  The  Maas  dikes,  at  the  only  places  that  they  were  examined, 
that  is,  in  the  neighborhood  of  Bois-le-Duc  ('s  Hertogenbosch),  were  of 
pretty  ample  size,  that  is,  with  crown  of  about  4  meters  and  slopes  of 
about  3  to  1.  They  are  usually  lower  than  those  of  the  Lek  and  the 
Waal,  averaging,  probably,  not  more  than  8  feet.  The  Maas  is  not 
completely  diked.  There  are  several  gaps  in  the  earthen  barriers 
that  confine  it,  on  both  the  northern  and  southern  banks.  On  the 
northern  side  it  approaches  the  Waal,  for  a  distance  of  several  miles,t 
•so  closely  that  the  two  streams  almost  inter-osculate,  and  there  has  not 
been,  until  recently,  any  attempt  to  put  partitions  between  them.  On 
the  southern  bank  there  have  been  left,  designedly,  outlets  to  relieve 
the  flood  waters.  Thus  the  dikes  of  the  Maas,  even  where  they  exist, 
are  not  of  the  same  primary  importance  as  those  of  the  Lek  and 
the  Waal.  The  country  dependent  upon  them  is  limited  in  extent, 
the  most  valuable  parts  being  the  districts  inclosed  between  the 
Waal  and  the  Maas.  It  is  not  so  formidable  as  either  of  the  great 
branches  of  the  Rhine,  being  hardly  so  large  as  the  Lek,  and  less  than 
■one-third  the  size  of  the  Waal.  The  chief  interest  which  the  river  now 
possesses  for  us  is  derived  from  its  remarkable  outlet  system,  which, 
half  natural  and  half  artificial,  is  in  existence  in  part  up  to  the  present 
day,  and  from  the  great  effort  now  in  progress  to  make  a  radical  change 
in  this  respect,  and  consequently  in  the  whole  regimen  of  the  lower 
xiver.     This  project  will  be  mentioned  more  in  detail  hereafter. 

We  come  now  to  speak  of  the  internal  dikes,  namely,  such  as  do 
not  serve  as  a  direct  jirotection  against  the  sea  or  river.  These  are 
mainly  of  two  kinds— dikes  properly  so  called,  and  kaden  or  quays, 
whose  principal  oifice  is  to  protect  the  deep-lying  polders  from  the 

*  "  Nederland  als  Polderland,"  p.  50.    (See  Plate  LXIV.) 
t  Six  kilometers— say  3.75  miles. 
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waters  which  accumulate  inside  the  dikes.  Internal  dikes  are  some- 
times apparently  the  remains  of  former  systems.  Holland  is  intersected 
by  former  arms  of  the  Rhine,  and  disused  water-courses  which  were 
once  living  streams,  and  even  after  they  ceased  to  be  principal  channels, 
yet  had  communication  with  the  parent  river  in  time  of  ilood,  and  con- 
sequently had  to  be  diked  in  like  manner  with  it.  These  streams  are 
now  shut  off  by  locks  and  dams,  so  that  they  are  independent,  but  the 
dikes  are  still  used  in  retaining  the  water  at  a  high  level,  for  purposes  of 
drainage  and  storage,  and  also  for  additional  protection  in  case  of  breaks, 
in  the  main  dikes.  Indeed,  this  is  now  the  principal  function  of  the 
internal  dikes ;  and  for  this  purpose  their  original  dimensions  have  been 
increased,  until,  in  one  notable  instance  at  least,  they  are  as  strong  as 
the  outer  dikes.  This  is  the  case  of  the  Linge,  previously  mentioned. 
Others  have  been  apparently  very  little  modified,  and  they  would  be  a 
very  precarious  dependence  against  overflow  in  the  event  of  a  serious 
breach  in  the  main  dikes.  Such  are  the  so-called  High  Rhine  dike, 
which  bounds  the  southern  bank  of  the  ' '  Leidsche  Ryn, "  the  Prinsendyk^ 
and  the  Yssel  dikes  above  Gouda.  Other  internal  dikes  have  been 
built  for  the  express  ijurj^ose  of  serving  as  a  second  line  of  defense  or 
"  interior  retrenchment. "  These  are  sometimes,  but  not  uniformly,  kept 
up  to  the  standard  of  the  main  dikes,  and  are  not  always  to  be  relied  upon. 
The  Diefdyk  is  an  example  of  the  first  kind,  the  Meidyk  of  the  second. 

The  Linge  dikes*  play  an  important  part  in  the  system,  and  it  is 
worth  while  to  examine  them  a  little,  as  an  instance  of  the  forethought 
and  care  which  the  Dutch  engineers  have  bestowed  in  providing  for  all 
possible  emergencies.  The  Linge  is  in  itself  an  inconsiderable  river, 
whose  bed  covers  less  than  50  miles  in  length,  having  its  origin  and  its 
mouth  in  the  largest  of  the  so-called  islands  between  the  Lek  and  the 
Waal.  It  is,  in  short,  merely  the  channel  through  which  flows  the 
drainage  of  the  eastern  part  of  the  island,  comi^rehending  the  districts 
of  the  Upper  and  Lower  Betuwe,  the  land  of  Culemborg,  the  land  of 
Buren,  the  Vijfheerenlandenf  and  the  Tielerwaard.  In  summer  it  is  a 
mere  creek,  especially  in  its  upper  part,  almost  going  dry.  In  this  portion 
of  its  course  it  flows  between  relatively  high  banks,  so  that  it  is  not 
diked  until  it  reaches  Tiel,  about  midway  of  its  valley.     In  winter,  how- 

*  See  Plates  LXV-LXVI. 

t  So  called  from  the  Jive  lords  who  first  diked  in  the  district — the  lords  of  Arkel,  of 
Vianen,  of  Hagestein,  of  Everdingen  and  of  Leerdam.  Beekman,  "  Nederland  als  Polder- 
land,"  49. 
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ever,  the  streamlet  becomes  a  formidable  river,  as  might  be  inferred 
from  the  breadth  of  the  waterway  allowed  by  the  bridge  at  Gelder- 
malsen,  where  it  is  crossed  by  the  Rhine  Eailway.  This  bridge  has  5 
spans  of  121  feet  each.  The  floods  of  the  Linge  correspond,  for  the 
most  part,  to  those  of  the  great  rivers.  If  these  are  so  swollen  that  the 
*'outerlands"  between  the  dikes  and  the  rivers  are  overflowed,  then 
the  Linge  receives,  besides  the  drainage  from  its  own  basin,  the  water 
that  percolates  through  the  sandy  or  gravelly  strata  under  the  dikes — 
leak  water  or  sipe  water — which  may  accumulate  to  an  enormous  amount, 
and  swell  the  Linge  to  an  indefinite  extent.  The  conveyance  of  the 
drainage  of  the  low  lands  to  an  elevated  stream,  10  feet  or  so  above  the 
natural  surface,  is,  of  course,  accomplished  by  pumping. 

The  Linge  is  not  allowed  to  discharge  naturally  into  the  Waal.  At 
its  mouth,  at  Gorinchem,*  there  are  two  sluices,  with  the  double  pur- 
pose of  keeping  out  excessively  high  water  from  the  Waal,  or  holding 
back  the  flood  water  of  the  Linge,  as  either  may  be  desirable.  Should 
the  Linge  become  dangerously  high,  by  reason  of  heavy  rainfall,  with  a 
corresponding  amount  of  drainage  from  its  valley  and  leak  water  from 
without,  it  may  be  discharged  through  these  sluices,  should  the  stage  of 
the  Waal  permit.  Should  the  Waal  be  too  high,  the  Steenenhoek  Canal 
has  been  contrived  to  carry  the  drainage  to  a  point  some  5  miles  below 
Gorinchem.  The  fall  between  the  latter  place  and  the  lower  mouth  of 
the  canal  is,  at  medium  stage,  12  inches  at  flood  and  28  inches  at  ebb, 
and  at  high  stages  the  difference  is  still  greater.  The  Linge  water  can 
thus  be  discharged  at  the  mouth  of  the  canal  when  it  can  no  longer  pass 
out  at  Gorinchem.  There  is  a  powerful  steam  pump  at  the  canal  mouth 
to  give  drainage  at  still  more  unfavorable  stages. 

The  Linge  is  also  of  great  importance  as  aflbrding  a  prospective  chan- 
nel of  relief  from  overflow  water.  Should  a  breach  occur  in  the  southern 
Lek  dike  or  the  northern  Waal  dike,  in  order  to  prevent  the  whole  island 
from  being  inundated,  the  embankment  called  the  Diefdykf  was  con. 
structed,  as  far  back  as  the  thirteenth  century,  joined  to  the  southern 
Lek  dike  at  one  end  and  to  the  northern  Linge  dike  at  the  other,  and 
thus  serving,  in  conjunction  with  the  latter,  to  limit  the  extent  of  the 
overflow.  It  is  especially  desirable  that  the  laud  to  the  west  of  the 
Diefdyk   should  be  protected,   as  this   (the  Vyfheerenlanden  and  the 

*  Frequently  shortened  (always  in  pronunciation)  into  Gorkum. 

t  It  probably  took  this  name  because  it  followed  the  course  of  the  old  Diefweg,  or  Thieves' 
Bead. 
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Alblasserwaard)  lies  very  low,  and  can  be  drained  only  by  pumping. 
To  this  end,  tlie  Diefdyk  has  been  strengthened,  the  northern  and 
southern  Linge  dikes  have  been  connected  by  a  dam  and  a  sluice 
across  the  Linge  (at  Asj^eren,  near  the  southern  end  of  the  Diefdyk), 
and  the  southern  Linge  dike  to  the  west  of  Asperen  raised  and  enlarged. 
In  addition  to  these  precautions,  a  second  line  of  dike  has  been  con- 
structed at  a  certain  point  on  the  south  bank  of  the  Linge,  where  the 
soil  is  particularly  treacherous.  This,  the  "new  south  Linge  dike,"  is 
the  largest  and  most  elaborate  work,  except  the  sea  dikes,  that  was  met 
with  in  the  Netherlands.  It  was  estimated  that  it  would  average  16  feet 
high  or  more,  with  a  crown  of  5  meters,  and  slopes  of  2 . 5  or  3  to  1  on 
the  side  next  the  Linge  and  3  to  3 . 5  to  1  on  the  side  next  the  Waal, 
with  banquettes  all  the  way  on  the  Linge  side  and  in  places  on  the 
Waal  side.  Sometimes  the  banquettes  are  of  extraordinary  size — 75 
feet  or  so  wide.  Sections  are  shown  on  the  plates.*  The  length  of  the 
line  is  about  14  000  feet.  The  driver  said  that  the  banquettes,  or  some 
of  them,  had  only  recently  been  added.  Perhaps  they  have  merely 
been  enlarged. 

The  whole  of  the  southern  bank  of  the  Linge,  west  of  the  Diefdyk,  is 
guarded  by  very  strong  embankments.  The  dikes  on  the  northern  side, 
especially  west  of  Ark  el,  are  lower,  and  are  intended,  in  case  of  neces- 
sity, to  assist  in  relieving  the  Alblasserwaard,  To  the  eastward  of  the 
Diefdyk,  or  of  Asperen,  the  dikes  on  both  banks  are  much  lower,  and 
in  some  places  are  even  smaller  than  usual,  being  designed  for  the  express 
purpose  of  allowing  overflow  water  to  pass  over  them  easily.  They  are 
varieties  of  a  construction  called  overlaten,  over-lets,  as  it  were,  or  out- 
lets, formerly  a  recognized  feature  of  the  dike  system,  and  still  having  a 
limited  range  of  apphcation  for  relief  in  case  of  overflow,  or  for  artificial 
inundation  for  military  purposes.  There  are  fifteen  of  these  between 
Asperen  and  Wadenoyen,  part  in  the  northern  dike  and  part  in  the 
southern.  They  are  in  this  case  merely  pieces  of  low  dike,  2  feet  or  so 
under  the  grade  of  the  adjacent  parts  of  the  line,  topped  so  as  to  bring 
them  to  ordinary  grade;  the  topping  being  always  on  the  river  side — 
that  is,  on  the  Lek  or  Waal  side.  This  topping,  being  very  slight,  is 
easily  cut  or  washed  away  and  the  overflow  water  given  free  sweep.  If, 
now,  a  break  occur  in  the  southern  Lek  dike  east  of  the  Diefdyk,  it  will, 
if  considerable,  run  over  the  overlaten  to  the  east  of  Asperen,  and  fill 

*  Plate  LXVI. 
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the  upper  channel  of  the  Linge,  but  will  be  prevented  from  extending 
to  the  west  by  the  Diefdyk,  the  dam  at  Asperen  and  the  south  Linge 
dike.  It  will  be  observed  that  the  new  south  Linge  dike  forms  with  the 
old  dike,  called  the  Appeldyk,  a  basin.  This  basin  is  now  flooded  with 
water  by  overlaten  at  and  below  Asperen,  thus  creating  a  counter-pres- 
sure against  the  external  water  of  the  overflow,  and  sujiporting  the  new 
dike,  which,  in  spite  of  its  great  proportions,  is  much  distrusted,  on 
account  of  the  weak  soil  on  which  it  rests.  If  the  break  be  in  the 
northern  Waal  dike,  the  condition  is  very  similar. 

When  the  rivers  have  begun  to  subside,  the  sluices  at  Asperen  are 
opened  and  a  portion  of  the  overflow  water  discharged,  through  the  bed 
of  the  Linge,  at  Gorinchem,  and  through  the  Steenenhoek  Canal.  An- 
other portion  is  let  out  over  the  overlaten  at  Dalem  and  the  military 
inundation  sluices  at  that  place.  The  overlaten  alluded  to  are  very 
much  like  those  in  the  Linge  dikes.  They  are  four  in  number,  and  vary 
from  about  500  to  1  100  feet  in  length.  If  the  break  occur  west  of  the 
Diefdyk,  it  will  be  confined  as  before.  As  soon  as  it  is  possible  to  let 
out  the  overflow  water,  part  of  it  can  be  discharged  over  the  northern 
bank  of  the  Linge,  through  overlaten,  part  discharged  directly  into  the 
Waal  below  Gorinchem,  in  the  same  way.  For  this  purpose  there  are- 
provided  so-called  hulpgaten,  or  relief  openings,  which  are  portions  of 
sandy  levee,  pitched  with  clay,  Avhich  can  thus  be  cut  away  or  washed 
away  in  a  short  time.*  Owing  to  the  great  depression  of  most  of  the 
tracts  of  the  Vyfheereulanden  and  the  Alblasserwaard,  however,  there 
will  be  a  large  overplus  of  water  that  cannot  be  drained  oflf  in  a  natural 
way,  but  must  be  pumiced  out.  For  this  reason,  overflows  in  this  partic- 
ular region  are  more  than  usually  dreaded.  Wherever  there  are  open- 
ings in  the  topping  of  the  overlaten,  as  for  j^athways  and  the  like,  they 
are  revetted  with  vertical  walls  of  brick,  with  grooves  to  receive  stop 
planks. 

The  railway  embankments  are  capable  of  performing  very  important 
services  as  interior  dikes.  They  are  built  very  high  and  strong,  and  the 
openings  in  them  are  so  constructed  that  they  can  be  closed  with  timbers. 
The  canal  dikes  are  sometimes  of  sufficient  size  to  be  made  available  for 
internal  protection,  but  not  generally.  The  Y  dikes  belong  properly,  by 
their  dimensions  and  their  situation,  to  the  class  of  river  dikes.  In  many 
instances,  as  constantly  in  Zeeland,  tract  after  tract  has  been  redeemed 

*  Beekinan,  "Nederland  als  Polderland,"  18C.    Id.  De  Slrijd  om  Let  Bestaan,  Hi. 
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in  succession  from  the  sea,  by  diking  in.  The  island  of  Walcheren  is  a 
perfect  network  of  dikes,  each  field  or  separate  domain  being  walled  in 
by  an  embankment  high  and  strong  enough  to  keep  oixt  the  sea,  the  old 
levees  being  left,  in  each  case,  in  the  interior,  as  the  accretions  pro- 
gressed into  the  sea.  It  is  evident  that  under  these  circumstances  a 
breach  in  the  outer  dikes  can  produce  only  a  limited  amount  of  damage. 
There  is  another  class  of  interior  embankments,  which  the  Dutch  do 
not  usually  call  by  the  name  of  dikes,  but  kaden  or  quays.  For  the 
sake  of  convenience  we  may  call  them  levees,  reserving  the  term  dike 
for  the  higher  and  stronger  works,  and  especially  for  the  main  bul- 
warks against  the  outer  water.  There  are  essential  differences  in  the 
functions  and  in  the  constitutions  of  the  two  classes  of  embankments, 
and  it  is  perfectly  proper  that  they  should  be  distinguished  one  from  the 
other.  The  polder  levees  are  not  primarily  intended  even  as  possible 
defenses  from  water  from  without,  nor  are  they  usually  fitted  for  such  a 
purpose.  They  are  of  comparatively  late  origin,  and  were  evolved  from 
the  peculiar  circumstances  of  individual  localities.  The  rise  and  progress 
of  the  whole  system  of  dikes  and  polders  is  intelligently  and  graphically 
described  by  Beekmau,  and  the  following  details  are  taken  from  one  of 
his  books.* 

"  Let  us  consider  first  the  low  fen  grounds.  Here,  there  was  once  an 
inland  lake,  filled  wdth  fresh  water,  the  bottom  being  composed  of  clay, 
deposited  while  the  lake  was  yet  in  communication  with  the  sea.  The 
clay  bottom  lay  4  or  5  meters  below  ordinary  flood.  After  that,  the  lake 
was  shut  off  from  the  sea  and  filled  with  peat  to  the  height  of  the  sur- 
rounding water,  and  upon  the  i)eat  arose  thickets  or  woods,  which 
sooner  or  later  were  felled  by  man  or  perished  by  decay.  Rivers,  arms 
of  the  Ehine,  mightier  than  now,  flowed  through  the  forests  in  their 
beds  of  peat,  and  as  they  overflowed  their  borders,  gradually  covered 
their  banks  with  a  thin  layer  of  river  clay,  superposed  on  the  peat. 

"In  the  time  of  the  Eomans,  dikes  were  already  begun  to  be  built, 
but  were  used  only  as  roadways.  The  land,  whose  topmost  strata  Avere 
not  yet  artificially  dried  out,  and  therefore  had  not  shrunken  or  fallen 
in,  was  maintained,  fen  lands  as  well  as  silt  lands,  at  about  the  height  of 
mean  flood.  At  higher  stages  it  was  overflowed.  Only  the  higher  dilu- 
vialf  grounds,  the  dunes  and  the  heath  lauds  were  inhabited.  The 
hunter  and  the  fisherman  ventured  into  the  swamp,  with  its  dense  woods 
and  underbrush,  intersected  and  covered  with  innumerable  lagoons  and 
ponds,  and  the  herdsman  made  his  way,  especially  in  summer,  to  the 

*  "Neclerlaud  als  Polderland,"  pp.  86  et  seq. 

t  That  is,  the  pre-alluvial  lands  or  uplands,  still  of  the  Quaternary  Period. 
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clay  silt  lands,  and  pastured  bis  cattle  on  the  higher  spots,  which  by 
this  very  process  became  still  higher.  The  woods  on  the  feu  lands  grad- 
ually disappeared,  the  silt  lands  began  to  be  cultivated,  as  soon  as  their 
marvelous  fertility  was  discovered.  Villages  sprang  up  along  the  bor- 
ders of  the  lowlands,  and  on  artificially  raised  sites.  In  the  time  of  the 
Counts,  the  earliest  possessors  of  that  title,  whose  domains  were  few, 
small  and  scattered,  began  to  urge  the  reclamation  of  the  lands.  With- 
out concert,  and  for  private  interests  only,  as  population  increased, 
limited  tracts  were  diked  in,  solely  for  protection  against  the  external 
water. 

"  The  first  dikes  were  nothing  more  than  summer  levees,  Avbich  were 
overtopi^ed  by  high  floods  and  often  destroyed.  Those  who  built  them 
acquired  control  of  the  lands  protected,  and  maintained  the  dikes  at 
their  own  expense.  Thus  arose  dike  law,  which  was  granted  only  by 
the  Count  himself,  to  whom  an  appeal  lay  in  the  highest  instance.  Be- 
fore the  eleventh  century  there  is  no  evidence  of  the  existence  of  any 
dikes  or  dams  (except  in  West  Friesland),  as  is  manifest,  among  other 
things,  from  the  fact  that  no  names,  before  that  time,  end  in  dyh  or 
dam.  In  Holland,  William  II  and  FlorisV  first  established  systematic 
regulations  for  the  control  of  the  dikes.  The  first  considerable  river 
dikes  were  apparently  erected  between  1  200  and  1  400,  though  not  in 
their  present  proi^ortions.  Greater  concert  of  action  appears  after  the 
formation  of  the  great  water  districts  (waterschappen)— that  is,  associa- 
tions of  lauds  having  common  interests  as  I'egards  protection  against  the 
outer  water.  As  the  government  became  stronger,  it  erected  more  dis- 
tricts, and  gave  them  even  legal  and  criminal  jurisdiction  over  infractions 
of  dike  law. 

"  Within  the  great  external  dikes,  as  early  as  the  fourteenth,  still 
more  in  the  fifteenth,  but  especially  in  the  sixteenth  century,  the  fen 
grounds,  including  those  covered  with  clay  deposits  from  the  rivers, 
were  gradually  surrounded  by  levees.  This  shutting  oft'  had  for  its 
object  the  entire  control  of  the  internal  water — the  levees  excluding  the 
outer  water  and  permitting  the  ejection  of  that  from  within.  The  pro- 
cesses for  the  furtherauce  of  the  latter  ol)ject  were  at  first  very  imperfect, 
depending  mostly  on  hand  appliances,  and  it  was  not  till  alter  the  in- 
vention and  improvement  of  windmills  that  the  draining  of  jaolders 
began  to  be  accomplished  in  a  satisfactory  manner.  The  improvement 
came  none  too  soon,  for  the  necessity  of  thorough  drainage  was  becom- 
ing urgent.  As  soon  as  the  fen  lands  began  to  be  systematically  drained, 
the  sj^ongy  crust  which  constituted  their  ujipermost  stratum,  being 
deprived  of  its  water,  shriveled  up  and  fell  in,  thus  making  the  surface 
still  lower,  aud  compelling  a  resort  to  diking  in  as  an  indispensable  con- 
dition of  reclamation.  In  this  way  all  the  feu  grounds,  including  those 
covered  by  river  deposits,  were  gradually  surrounded  by  continuous, 
levees.     They  became  polders  and  their  siirfaces  sank  below  mean  flood. 
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"A  pokier  is  a  piece  of  land  encircled  by  levees,  for  protection  against 
water  from  without  and  control  of  the  water  within.  Most  of  the  polders 
owe  their  origin  to  the  years  since  1600.  The  great  sea  and  river  dikes 
were  then  in  a  condition  to  afford  protection  against  all  but  extraordinary 
floods.  But  it  became  evident  that,  even  within  the  great  dikes,  the 
tracts  which  were  not  contiguous  to  the  highlands  must  be  included 
Avithin  levees  if  they  were  to  be  kept  dry.  The  fen  polders,  by  the  pro- 
cess described  above,  had  become  so  low  that  they  were  no  longer 
susceptible  of  natural  drainage.  Their  bottoms  lay,  for  the  most  part, 
about  5  feet  below  mean  flood.  Such  lands  could  be  drained  only  by 
artificial  means.  In  many  polders  the  peat  had  been  cut  away  and  sold 
as  fuel.  It  is  true  that  man  and  his  cattle  may  make  excellent  pasture 
and  arable  land  out  of  fen  land,  witness  our  famous  Dutch  meadows; 
but  this  is  a  work  of  time,  and  our  old-time  inhabitants  were  bent  on 
present  profits.  The  thick  layer  of  peat,  8  to  13  feet  deep,  represented 
a  considerable  sum  as  turf.  So,  many  polders  became  and  remained  deep 
puddles.  This  j)ractice  is  no  longer  common.  It  has  been  discovered 
that  the  transitory  profit  of  turf  making  is  followed  by  a  more  permanent 
gain,  in  the  exposure  of  the  stratum  of  rich  clay  which  lay  beneath  the 
peat — once  the  bottom  of  the  inland  sea.  For  many  years  past  it  has 
not  been  permitted  to  cut  away  the  peat  except  upon  an  undertaking  to 
drain  the  pools  thus  created.  To  meet  the  expense  of  this  process  a 
fund  is  provided,  from  the  sale  of  the  turf,  without  which  permission  is 
not  conceded  to  remove  the  peat,  and,  beside  this,  a  security  fund  for 
the  iDroper  execution  of  the  necessary  work  during  reclamation.  After 
reclamation,  all  expenses  are  borne  by  the  owners  and  the  security  fund 
is  returned." 

Polders  produced  by  the  cutting  away  of  turf  are  called  by  a  dis- 
tinctive name.  They  are  droogmaJceryen — from  droog  inaken,  to  make 
dry. 

"  There  is  another  way  in  which  droogmakeryen  may  be  formed. 
There  are  lakes  or  ponds,  such  as  the  Haarlem  Lake,  the  Zuidplas,  and 
the  multitude  of  lakes  in  North  Holland,  north  of  the  Y.  iii  which  the 
peat  which  formerly  constituted  the  bottom  has  been  cut  away  by  the 
action  of  the  water  during  storms,  etc.,  through  the  lapse  of  centuries. 
If  these  bodies  of  water  are  within  the  limits  of  the  old  inland  sea  and 
consequently  have  a  good  clay  bottom,  they  may  be  reclaimed.  Fre- 
quently other  causes  conduce  to  this  result— as  happened  in  the  instance 
of  the  Haarlem  Lake.  It  is  found  that  on  all  considerable  sheets  of 
water,  the  wind  has  a  very  perceptible  effect  in  raising  the  surface  of 
the  water  in  the  quarter  opposite  to  that  from  which  it  is  blowing.  If 
the  lake  be  very  lai  ge,  this  elevation  of  the  water  surface  may  proceed 
to  a  dangerous  extent.  In  the  case  of  the  sea,  it  may  amount  to  as  much 
as  10  feet.     It  is,  of  course,  accompanied  l)y  a  corresponding  depression 


618  STARLING    ON"   THE    HOLLAND    DIKES. 

on  the  other  shore.  In  the  Zuider  Zee,  when  a  heavy  west  wind  is  blow- 
ing, the  water  is  sometimes  lowered  8  feet  on  the  west  coast  and  raised 
as  much  on  the  eastern.  In  November,  1836,  the  Haarlem  Lake  so  far 
overflowed  its  northeastern  shore  that  Amsterdam  was  in  great  dan- 
ger, and  in  December  of  the  same  year  the  water  ran  over  on  the  other 
side  and  inundated  20  000  acres  of  laud  and  a  part  of  the  City  of  Leyden. 
Droogmakeryen,  then,  are  defined  to  be  polders  that  have  been  denuded 
of  turf  and  pumped  out— thus  deep  basins,  with  their  bottoms  lying  13 
to  18  feet  below  mean  flood.  They  are  found  almost  exclusively  in 
North  and  South  Holland,  and  are  particularly  numerous  between  Am- 
sterdam and  Leyden,  and  between  Leyden  and  Rotterdam.  The  lowest 
are  in  South  Holland,  and  among  them,  particularly,  the  Prins-Alexander 
polder  and  the  Zuidplaspolder,  which  lie  near  the  lowest  of  the  limits 
given  above. 

"The  question  naturally  arises:  How  are  these  ponds  made  dry? 
With  what  appliances  ?     "What  becomes  of  the  water  ? 

"  First  of  all,  the  tract  to  be  drained  must  be  shut  off  from  the  sur- 
rounding land  and  water.  This  is  accomplished  either  by  the  construc- 
tion of  a  ring  dike  around  the  whole  pool,  or  by  making  use  of  existing 
elevated  roadways  and  levees,  after  enlargement  and  raising,  or  by  a 
combination  of  the  two  methods.  The  earth  for  the  ring  dike  must 
sometimes  be  obtained,  partially  at  least,  elsewhere,  but  is  usually  taken 
from  a  ring  caual,  running  outside  of  and  parallel  to  the  levee,  serving 
as  a  means  of  communication  in  place  of  the  late  pond,  and  as  a  receja- 
taele  for  the  water  during  the  "  dry  making  "  and  afterward  for  the 
maintenance  of  the  polder  in  the  same  state.  Sometimes  the  water  is 
conveyed  directly  to  existing  water-courses,  and  through  them  to  the 
open  river  or  the  sea.  During  the  process  of  dry  making  there  are  fre- 
quently many  troubles  to  encounter — mostly  of  a  technical  nature.  For 
instance,  buildings  in  the  immediate  neighborhood  of  the  pond,  or 
situated  on  islands  lying  therein,  are  in  danger  of  settling  or  even  of 
falling  in,  as  the  ground  on  which  they  rest  is  deprived  of  the  supjjort 
of  the  water  which  it  lately  had.  Precautions  must  therefore  be  taken 
or  indemnity  assured  Avhere  such  conditions  are  presented.  Further- 
more, the  lake  may  have  served  as  a  reservoir  for  jiolder  watei",  etc.,  and 
some  compensation  must  be  i^rovided  for  this  loss.  Account  must  be 
taken  of  leak  w'ater,  which  sometimes,  in  sandy  soils,  percolates  under 
the  ring  dike  and  finds  its  way  into  the  polder." 

The  emptying  of  the  basin  was  formerly  accomplished  by  means  of 
windmills;  now,  the  end  is  more  speedily  attained  through  the  agency 
of  steam.  The  machiuery  serves  afterward  to  lieep  the  polder  free  of 
water.  As  soon  as  the  ground  begins  to  show,  a  start  is  made  toward 
the  parceling  out  of  the  polder,  that  is,  the  digging  or  dredging  of 
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ditches,  which  divide  the  polder  into  lots.  The  ditches  serve  to  con- 
duct the  water  that  collects  in  the  polder  to  the  pumping  works,  which 
are  placed  around  the  j)eriplierj  thereof,  and  which  maintain  the  water 
at  a  definite  distance  below  the  surface  of  the  ground.  The  ditches  are 
of  various  dimensions.  There  are  large  canals,  8  to  12  meters  wide, 
which  lead  directly  to  the  pumps;  into  them  empty  other  ditches,  6  to 
8  meters  wide,  which  are  themselves  the  recipients  from  another  system, 
running  perpendicular  to  them  and  of  still  smaller  dimensions,  at  inter- 
vals of  100  to  200  meters.  Between  these  latter  and  parallel  to  them  are 
two  other  systems,  of  breadths  resi^ectively  of  3  or  4  meters  and  1  meter. 
Each  of  these  kinds  of  ditches  has  its  appropriate  name,  which  has 
no  English  equivalent.  The  surface  of  the  drains  collectively  amounts 
to  one-tenth  or  one-twelfth  of  the  whole  polder.  The  first  harvest 
(usually  a  very  abundant  one)  is  obtained  by  breaking  down  the  lux- 
uriant growth  of  weeds  which  first  appears,  covering  them  with  soil 
from  the  ditches  and  seeding  down.  This  procedure,  to  obtain  arable 
land,  is  termed  zwart  mdken — making  black. 

There  are  also  sea  polders,  obtained  by  direct  reclamation  from  the 
ocean,  as  has  been  previously  noticed.  This  process  is  still  going  on  in 
Friesland,  Groningen  and  the  islands  of  Zeeland.  Most  of  the  sea 
jDolders  discharge  their  water  in  the  natural  way,  that  is,  without  pump- 
ing, through  sluices  or  culverts;  some  of  them,  however,  have 
shrunken  or  fallen  in,  like  the  fen  polders,  and  have  to  be  drained  into 
a  higher  level,  and  of  course  by  artificial  means. 

After  the  late  lakes  or  ponds  have  been  made  into  dry  land,  they 
must  be  maintained  in  a  proj)er  condition,  that  is,  provision  must  be 
made  for  the  rain  water  that  falls  and  the  leak  water  that  finds  an  en- 
trance from  outside.  It  is  well  known  that  evaporation  in  the  long  run 
nearly  equals  rainfall,  but  in  the  summer  months  it  greatly  preponder- 
ates, in  the  winter  it  is  very  small,  and  there  would  naturally  be  an 
accumulation  during  the  latter  months,  just  at  the  time  that  it  Avould 
be  most  inconvenient,  namely,  during  the  plowing  and  planting  season 
of  the  spring.  Again,  should  excessive  droughts  prevail  during  the 
summer,  there  may  not  be  a  sufficiency  of  moisture  in  the  soil  for  the 
crojjs.  It  may  be  necessary,  therefore,  to  admit  water  into  the  polders. 
This  was  notably  the  case  in  the  hot  and  dry  summer  of  1868.  At 
Uti'echt,  in  five  months,  the  evaporation  exceeded  the  rainfall  by  23 
inches.     In  that  year,  15  800  000  cubic  meters  (about  558  000  000  cubic 
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feet)  were  let  into  Haarlem  Lake  polder  alone.  In  other  words,  as  has 
been  said  already,  the  polder  water  must  be  controlled. 

The  sea  or  the  open  rivers  into  which  eventually  all  the  polder  water 
is  discharged,  is  called  the  outer  loater.  Leaving  out  Friesland,  Gron- 
ingen  and  Overyssel,  this  comprehends  the  Lek,  the  Waal  and  the  Maas 
in  the  lower  portions  of  their  course,  and  the  Yssel  of  Holland  below 
the  dam  near  Gouda,  besides  the  North  Sea  and  the  South  Sea  (the 
Zuider  Zee).  All  the  other  water  in  North  and  South  Holland  and 
Utrecht  to  the  west  of  the  Vecht  and  Vaartsche  Ryn  is  dammed  off  and 
stagnant,  and  is  called  the  inner  2caier.* 

The  rain  water  sinks  through  the  ground  to  the  level  at  which  the 
soil  is  already  saturated,  and  then  flows  laterally  into  the  complicated 
system  of  ditches  already  mentioned,  which  hold  it  as  temporary  reser- 
Toirs.  The  water  must  be  maintained  in  these  ditches  at  a  certain  level, 
which  is,  for  meadow  land,  from  12  to  20  inches,  and  for  arable  land, 
from  20  to  40  inches,  below  the  natural  surface,  so  that  the  roots  of  the 
crops  may  not  be  continually  in  the  water,  but  yet  may  be  supplied 
with  sufficient  moisture.  Especially  toward  spring  must  the  requisite 
elevation  of  the  water  be  secured  and  maintained.  This  elevation  is 
called  the  summer  level  of  the  polder.  It  is  different  for  each  polder, 
according  to  the  height  of  the  ground  surface  and  the  use  which  is  to 
be  made  of  the  land,  and  is  officially  established  by  the  local  Direction. 
In  many  polders  there  is  also  a  winter  level,  which  is  lower  than  the 
summer,  to  allow  for  a  greater  probable  rainfall.  If  the  water  in  the 
ditches  begins  to  get  too  high,  it  must  be  conveyed,  directly  or  indi- 
rectly, to  the  higher-lying  outer  water.  As  there  are  but  few  polders 
that  lie  close  to  the  sea  or  rivers,  the  water  is  not  usually  discharged 
immediately  into  them,  but  is  pumped  provisionally  into  an  elevated 
reservoir  outside  the  polder,  entirely  shut  off  and  hence  stagnant.  This 
reservoir  may  be  a  ring  canal,  if  the  j^older  have  one,  or  a  navigable 
canal,  or  a  former  river,  as  the  Old  Rhine,  the  Amstel,  the  Gouwe,  the 
Vecht,  which  have  been  dammed  oflf  for  this  express  purpose,  or  a  lake 
or  pool,  etc.  Generally  the  same  reservoir  serves  for  more  than  one 
polder,  sometimes  for  a  considerable  number.  Usually,  the  reservoir 
itself  is  not  confined  to  one  body  of  water,  but  consists  of  several  con- 
tiguous and  connected  pools,  maintained  at  an  elevated  level,  which  is 
the  same  for  them  all.     In  fact,  all  the  permanent  water-courses    and 

*  Beekman,  "  Nederland  als  Polderliiud,"  p.  103. 
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reservoirs  of  the  district  wliich  are  capable  of  being  maintained  at  a 
liigh  level  are  made  to  form  parts  of  the  system,  and  are  called  by  the 
Dutch  collectively  the  boezem  of  that  district.*  This  term  corresponds  to 
our  English  ^vord  bosom,  and,  as  the  latter  has  no  technical  meaning,  it 
may  be  used  for  its  Dutch  equivalent.  The  bosom  of  the  district  called 
the  Amstelland  consists  of  the  following  water-courses :  the  Amstel,  the 
Drecht,  the  Kromme  Mydrecht,  the  Angstel,  the  lake  of  Abcoude,  the 
Holendrecht  and  the  BuUewyk,  the  Oude  and  the  Ryke  Waver, 
the  Winkel,  the  Gein,  the  Smal  Weesp,  the  Gaasp,  the  Weesp  and  Muid 
■canals,  the  Diemen,  the  Xieuwe  Diep,  the  ring  canals  of  the  Bylmer  and 
Diemer  lake  polders,  and  a  part  of  the  ring  canal  of  Amsterdam.  As 
each  bosom  thus  has  many  branches,  it  is  jjossible  for  many  different 
polders,  having  different  levels,  to  discharge  all  their  superfluous  water 
into  the  same  reservoir.  It  is  evident  that  the  bosom  waters,  lying  as 
high  as  they  do,  must  themselves  be  inclosed  between  levees. 

From  the  bosom  the  water  must  be  discharged,  at  one  or  more  points, 
into  the  rivers  or  the  sea.  The  Rhineland  bosom  has  four  such  points — 
Spaarndam,  Halfweg,  Katwyk  and  Gouda.  What  the  quantity  of  the 
discharge  must  be  is  easily  gathered  from  the  fact  that  the  reservoirs 
sometimes  receive  daily  from  the  i^olders  more  than  7  000  000  cubic 
meters— say  247  000  000  cubic  feet.  Generally,  the  discharge  from  the 
bosom  into  the  outer  water  may  occur  in  the  natural  way,  by  opening 
outlet  sluices.  The  water  surface  of  these  bosoms  which  empty  into  the 
sea  is  maintained  at  a  height  not  much  below  mean  flood,  and,  conse- 
quently, the  gates  may  be  opened  some  hours  before  ebb,  and  may  run 
for  a  considerable  time.  On  the  rivers  the  discharging  points  are  placed 
as  far  down  as  possible,  and  independent,  in  a  measure,  of  floods  from 
the  upper  waters.  We  have  seen,  in  the  instance  of  the  Steenenhoek 
Canal,  the  advantage  of  selecting  points  well  down  the  river,  and  the 
pains  that  have  been  taken  to  secure  them.  There  are  only  two  outfalls 
on  the  coast  of  the  North  Sea,  namely,  Ymuiden  and  Katwyk,  and  at 
both  these  places  the  ebb  is  very  low — lower  than  in  the  Zuider  Zee. 
This  well-known  fact  had  long  pointed  out  Katwyk  as  the  outlet  for  the 
Ehiuelaud  district.  Nevertheless,  there  are  times  when  natural  drain- 
age is  impossible,  namely,  when  landward  storms  jDrevail  on  the  sea,  and 
when  the  rivers  are  at  high  flood.  This  condition  may  jsrevail  for  many 
days.     To  be  certain,  then,  of  keeping  the  polders  free  from  superfluous 

*  Beekman,  op.  cit.,  p.  107. 
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water,  auxiliary  means  of  emptying  the  bosoms  must  be  provided.  These 
means  ai'e  powerful  steam  draining  machines — and  such  have  accord- 
ingly been  erected  at  all  the  principal  discharging  points,  as,  for  in- 
stance, at  the  four  outfalls  of  the  Rhineland  bosom  just  mentioned, 
Spaarndam,  Halfweg,  Katwyk  and  Gouda.  The  author  saw  all  of  these 
except  the  last.  They  are  of  the  wheel  jjattern,  presently  to  be  men- 
tioned, and  have  each  a  capacity  of  about  100  000  cubic  meters  per  hour, 
raised  about  1  meter  or  1.20.  It  was  found  that,  before  the  erection  of 
the  steam  machine  at  Katwyk,  the  water  in  the  bosom  could  not  be  com- 
pletely controlled.  Not  only  on  account  of  high  stages  of  the  outer 
water  were  the  steam  machines  found  serviceable,  but  even  at  ordinary 
stages,  to  free  the  polders  more  speedily  of  the  excess  that  embarrassed 
them.  They  are  thus  used  in  conjunction  with  the  sluices.  Even  before 
the  building  of  the  fourth  machine,  the  Rhineland  bosom,  from  1858  to 
1868,  discharged  annually  300  000  000  cubic  meters  naturally  and 
190  000  000  artificially.  The  machines  worked  sixty  to  one  hundred  days 
in  the  year.  * 

The  ratio  between  the  bosom  and  the  land  which  it  drains  is  very 
variable,  and  dej^ends  much  on  the  facilities  for  emptying  the  bosom. 
Rhineland  has  a  laud  surface  of  192  000  acres  and  a  bosom  surface  of 
less  than  9  000.  Delfland  has  75  000  acres  of  land  and  a  bosom  of  less 
than  1  000.  The  draining  of  Haarlem  Lake  greatly  reduced  the  reser- 
voir surface  of  Rhineland,  which  was  compensated  by  the  erection  of 
the  steam  drainage  works  at  Spaarndam,  Halfweg  and  Gouda,  and  the 
enlargement  of  the  inner  sluices  at  Katwyk.  Polders  which  lie  very 
deep  cannot  be  made  to  discharge  all  at  once  into  the  bosom — at  least 
with  ordinary  appliances.  The  water  must  then  be  brought  up  to  a  series 
of  levels — sometimes  as  much  as  four,  as  formerly  in  the  Zuidi^lasjiolder, 
and  still  (it  is  beheved)  in  the  Schermerpolder.  Flights  of  two  or  three 
levels  are  very  common. 

The  appliances  just  referred  to  are  of  two  kinds,  one  having  wind  for 
the  motive  power,  the  other  steam.  The  Dutch  call  all  these  machines 
molens  (mills)  more  sj)ecifically,  water  mills.  There  are  wind  water- 
mills  and  steam  water-mills.  The  mills  are  usually  placed  at  the  lowest 
part  of  the  polder,  that  the  drainage  may  flow  naturally  to  them.  In 
extensive  polders  they  may  be  situated  at  several  points,  to  avoid  the  in- 
convenience of  draining  to  one  place,  and  to  obviate  the  effect  of  the 

*  Beekman,  op.  cit.,  p.  108. 


STARLING   ON  THE   HOLLAND   DIKES.  623 

■wind,  which  might  operate  to  accumulate  water  at  the  side  of  the  polder 
remote  from  the  mill,  and  empty  the  ditches  on  the  side  adjacent  to  it. 
There  may  also  be  several  mills  at  one  point,  constituting  a  gang  or 
flight,  as  has  just  been  explained.  Windmills  have  been  in  use  since 
1308,  but  it  was  not  until  1573  (it  is  said)  that  a  Fleming  made  the  dis- 
covery that  it  was  not  necessary  to  turn  the  whole  mill  to  the  wind,  but 
only  the  cap,  which  he  made  to  revolve  for  the  purpose.  It  is  certain 
that  rapid  progress  was  made  shortly  after  that  time  in  the  draining  of 
lakes  and  pools — in  which  the  famous  engineer  and  millwright,  Jan 
Adrianszoon,  surnamed  Leeghwater  (Empty-water,  as  it  were),  took  a 
particularly  prominent  position. 

Two  principal  varieties  of  windmill  are  in  common  use — screw  mills 
and  scoop  wheel  mills.  In  either  case,  the  ditch  which  conveys  the 
water  to  the  mill  is  contracted  to  a  narrow  width  and  revetted  with  stone 
or  brick,  with  vertical  walls.  The  screw  or  the  wheel  fits  closely  into 
this  space,  and  conveys  the  water  to  a  higher  level,  where  is  another 
waterway,  provided  with  a  valve  opening  outward.  This  valve  jjrevents 
the  bosom  water  from  running  back  into  the  polder  when  the  mill  is  not 
in  action.  When  it  is  working,  the  head  of  water  inside  soon  gets  higher 
than  the  bosom  water  and  opens  the  valve. 

The  screw  is  formed  by  plank  fastened  spirally  round  a  shaft,  form- 
ing a  double  or  treble  helix,  like  an  auger.  It  is  placed  at  an  angle  of 
25  or  80  degrees  with  the  horizon,  with  its  lower  end  beneath  the  sur- 
face of  the  polder  water  and  its  upper  end  higher  than  the  outer  water. 
It  revolves  in  a  chamber  of  masonry,  which  it  fits  very  closely  for  a  part 
of  its  course.  Its  action  needs  no  explanation.  In  large  windmills  the 
screws  are  from  5  to  6.5  feet  in  diameter.* 

Scoop  wheels  have  a  diameter  of  from  3  to  8  feet,  depending  on  the 
lift  which  is  required.  The  apparatus  consists  of  a  heavy  shaft  with 
twenty  or  twenty-five  buckets,  about  1 . 5  feet  wide,  with  a  dip  of  2  or  3 
feet,  and  not  radial,  but  inclined  to  the  radius,  to  allow  a  freer  clearance 
of  the  water.  The  axis  of  the  wheel  lies  a  little  (1 . 5  to  3  feet)  above 
the  inner  water,  and  the  wheel  itself  fits  as  closely  as  possible  into  a 
chamber  or  trough,  which  conducts  the  water  to  the  upper  level,  f  In 
some  mills  there  are  two  or  three  wheels,  frequently  of  different  widths, 
either  or  all  of  which  may  be  worked,  according  to  the  strength  of  the 
wind. 

*  See  Plate  LXVII  (from  Beekman). 
t  See  Plate  LXVin  (from  Beekman). 
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Both  wheels  aud  screws  are  much  used,  the  hitter  principally  in 
North  Holland,  Friesland  and  Groniugen.  Wheels  are  the  older. 
They  have  a  lift  of  about  5  feet,  at  most  6.25,  though  with  less  effi- 
ciency at  that  height.  Screws  will  raise  water  as  miich  as  12  or  15  feet; 
nay,  there  are  two  in  the  Ehineland  district  that  have  a  lift  of  17.5  feet. 
They  are  coming  more  and  more  into  use,  in  many  instances  replacing 
wheels.  In  Friesland  they  are  used  almost  exclusively.*  A  variety  of 
screw  is  much  used  for  drainage  on  a  small  scale,  and  was  often  observed 
as  employed  by  contractors  for  draining  the  interior  of  coffer-dams,  etc. 
It  was,  however,  a  genuine  Archimedean  screw,  the  thread  not  playing 
freely  in  a  close  chamber,  but  being  boxed  in  by  a  cylindrical  casing  of 
plank,  which  revolved  with  the  axis.  It  was  operated  either  by  steam 
or  by  hand,  as  might  be  required.  In  the  latter  case  a  hand  crank  was 
simply  attached  to  the  shaft.  Such  screws  are  called  tonmolen,  barrel 
mills. t     Pumps  are  not  well  adapted  to  use  with  windmills. 

In  large  windmills,  as  was  before  observed,  only  the  cap  revolves, 
with  the  axis  and  the  arms,  so  as  to  place  the  axis  parallel  to  the  direc- 
tion of  the  wind.  This  is  managed  by  hand.  Smaller  machines  are 
sometimes  made  self-adjusting,  as  is  so  commonly  the  case  in  America. 
Sometimes  the  whole  body  of  the  mill  revolves.  The  length  of  the 
double  arms  in  the  largest  mills  is  as  much  as  100  feet.  Such  mills  are 
built  of  wood  or  stone.  The  former  cost  about  $12  000,  the  latter  some- 
what more.  The  arms  or  vanes  consist  of  an  open  framework  like  a 
tennis  racquet,  on  which  are  spread  canvas  sails  when  the  mill  is  in 
motion.  When  it  is  not  in  use,  the  sails  are  furled  or  unbent  altogether. 
In  the  Ehineland  district  there  are  two  hundred  and  sixty  windmills 
for  drainage,  exclusive  of  Haarlem  Lake,  which  is  drained  wholly  by 
steam. 

Steam  power  is  coming  more  and  more  into  use  for  the  drainage,  not 
only  of  the  bosoms,  but  of  the  polders,  especially  when  the  latter  are 
extensive.  One  great  advantage  of  steam  is  that  it  can  always  be  used, 
whereas  it  has  been  found  in  Schieland  that  only  130  days  in  the  year 
furnished  sufficient  wind  power  to  drive  the  mills.  On  the  other  hand, 
steam  costs  money,  wind  can  be  had  for  nothing,  so  there  are  cases  in 
which  the  latter  is  preferable.  With  average  rainfall,  a  polder  steam  mill 
may  work  about  fifty  days  in  the  year;  under  unfavorable  circumstances, 

*Beekman,  "Nederland  als  Polderland,"  p.  114. 
t  Storm-Buysing,  Waterbouwkunde,  ii,  p.  385. 
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sixty  or  seventy.*  With  steam  may  be  used  wheels  or  screws,  as  with 
wind  power,  and  also  pumjis.  Centrifugal  pumps  especially  are  coming 
much  into  vogue.  Nevertheless,  nearly  all  the  great  draining  machines 
that  were  seen  were  wheels.  There  are  wheels  at  Spaarndam,  Halfweg, 
Katwyk,  Amsterdam;  centrifugal  inimps,  it  was  said,  at  Schellingwoude; 
lifting  pumps  at  Haarlem  Lake. 

The  following  memoranda  are  from  notes  taken  on  the  spot: 
The  apparatus  at  Katywk  consists  of  six  wheels,  each  9  meters  in 
diameter,  with  twenty-four  arms,  each  carrying  a  bucket  2.5  meters 
broad  and  2.25  meters  radial  depth,  working  in  a  trough  with  a  self- 
acting  valve  oj^ening  outward.  There  are  eight  large  boilers,  of  which 
only  six  are  used  at  a  time,  the  others  being  held  in  reserve.  There  are 
two  gangs  of  wheels,  three  in  a  gang,  each  set  worked  by  an  engine — 
that  is,  there  are  two  engines  in  all.  The  lift  is  1 . 3  meters  with  all  six 
wheels,  or  2  meters  with  four  wheels.  The  engine  cranks  move  pinions, 
making  thirty-six  revolutions  per  minute,  which  work  into  large  cog- 
wheels keyed  to  the  main  shaft,  giving  the  water  wheels  f oiar  revolutions. 
Capacity,  80  000  to  120  000  cubic  meters  per  hour. 

The  draining  machines  for  the  city  water  of  Amsterdam  (that  is,  the 
water  of  the  canals,  etc.)  have  eight  boilers,  four  engines,  eight  wheels, 
each  of  sixteen  arms;  buckets  3  meters  wide;  capacity,  100  000  cubic 
meters  per  hour;  lift  1.2  meters  with  eight  wheels,  2  meters  with  two  (?) 
wheels,  which  last  height,  however,  is  never  needed,  because  the  head 
to  be  overcome  never  amounts  to  so  much.  There  is  a  sluice  by  which 
the  city  water  may  be  shut  off  from  the  North  Sea  Canal  when  necessary. 
Formerly  there  was  direct  communication  with  the  Zuider  Zee  by  a 
sluice.  Now,  since  the  construction  of  the  Merwede  Canal,  resort  must 
be  had  to  other  means.  The  canal  itself  could  not  be  used  as  an  inter- 
mediary, because  of  the  great  disturbance  of  its  level  that  would  ensue 
from  the  introduction  of  a  vast  quantity  of  drainage  water  after  a  rain 
for  instance,  or  the  withdrawal  of  an  equally  large  quantity  to  freshen 
the  city  water,  as  is  often  necessary.  Therefore,  three  great  siphons  have 
been  sunk  under  the  canal,  giving  the  required  communication.  The 
siphons  are  of  iron,  square  in  section,  and  are  supported  only  at  the 
ends.     They  can  be  hoisted  for  cleaning  or  other  purposes. 

The  "  mill "  at  Halfweg  has  six  wheels,  arms  7  meters  long,  twenty- 
four  in  number,  2  meters  broad,  four  large  boilers.     The  engines  make 
*  Beekman,  op.  cit.,  p.  116. 
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sixteen  revolutions  per  minute,  the  wheels  four.  Capacity,  90  000  cubic 
meters  per  hour.  Lift  with  all  six  wheels  1  meter,  with  four  wheels 
said  to  be  1.5.  Sluice  valves,  "  tankard  "  pattern.  The  Spaarndam 
works  have  ten  wheels,  each  with  twenty  arms;  eight  of  the  wheels 
have  buckets  2  meters  wide,  two  have  them  2.5  meters.  Two  engines, 
four  very  large  boilers,  valves  small  double  gates.  There  was  no  attend- 
ant there,  hence  no  details  could  be  learned  as  to  capacity,  etc. 

The  pumping  apparatus  of  the  Haarlem  Lake  jDolder  is  different  from 
any  other  in  the  Netherlands,  being  the  same  that  was  originally  used  to 
pump  out  the  lake.  There  are  three  pumping  stations.  The  machinery 
of  all  is  nearly  similar.  Briefly,  it  consists  of  a  powerful  Cornish  engine, 
working  several  pumj^s.  The  machines  are  named  the  Leeghwater,  Cru- 
quius  and  Lynden,  of  which  the  Leeghwater  was  the  first  constructed. 
There  is  a  full  description  of  it  in  "  Appleton's  Dictionary  of  Mechanics," 
article  "Pump,  Leeghwater  Steam"  (Vol.  II,  pp.  506-510).  It  has 
eleven  pumps,  each  63  inches  in  diameter,  of  which  only  nine  are  used 
at  a  time.  *  The  Lynden  and  Cruquius  machines  have  eight  pumps  of 
73  inches  in  diameter,  of  which  seven  are  used  at  once.  The  extreme 
lift  is  17  feet. 

During  the  months  from  AjDril  to  August,  when  the  evaporation 
exceeds  the  rainfall,  it  may  be  necessary  to  let  the  water  from  the  bosom 
into  the  polder.  This  may  often  be  done  without  special  appliances,  as, 
for  instance,  by  opening  the  outlet  valve  by  a  crowbar.  Sometimes 
there  are  sluices  in  the  outlet  valve.  Sometimes  there  are  sjiecial 
conduits,  running  outside  of  and  around  the  mills,  closed  by  sliding 
gates,  which  need  only  to  be  raised  to  admit  the  outer  water.  Some- 
times there  are  inlet  culverts  or  pipes,  as  at  Haarlem  Lake.  If 
there  be  not  sufficient  water  in  the  bosom,  then  more  must  be  admit- 
ted from  the  outer  water.  The  Rhineland  district  has  three  points  of 
inletting,  at  Gouda,  at  Leidschendam  and  at  Bodegraven.  In  1868  there 
were  admitted  at  these  places  167  000  000  cubic  meters.  In  nine  years 
there  were  admitted,  in  the  average,  49  000  000  cubic  meters  annually. f 

The  dikes  of  many  of  the  older  polders  were  constructed,  not  only  to 
keep  out  the  bosom  water,  but  even  the  sea  or  river  water  in  the  event 
of  a  break  in  the  main  dikes.  Such  accidents  used  to  occur  quite  fre- 
quently.    While  they  work  great  injury  to  all  alluvial  lands,  they  are 


*  statement  of  attendant  at  the  Lynden  pump. 
t  Beekman,  "  Nederland  uls  Polderlaud,"  117-118. 
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esiDecially  calamitous  to  deep  jiolders,  or  droogmakeryen,  as  tliese  cannot 
be  drained  naturally,  but  must  be  pumped  out  agaiu.  It  is  almost 
impracticable,  however,  to  give  great  height  to  the  levees  of  the  South 
Holland  polders,  on  account  of  their  de^jth  and  the  weakness  of  the 
underground.  They  are  therefore  usually  built  so  as  to  project  only 
0.5  or  0.6  meter  above  the  bosom  w-ater,  after  allowing  for  probable 
settling  and  shrinkage.* 

The  cross-sectious  of  the  polder  levees  are  very  variable,  as  might  be 
expected.  For  high-lying  polders  they  are  insignificant,  still  more  so 
for  the  division  levees  which  sometimes  separate  large  polders  into 
two  or  more  parts.  "Where  the  land  inclosed,  however,  lies  very  deep, 
and  is  extensive  and  vlauable,  the  levees  are  often  larger  than  the 
average  of  river  dikes,  though  not  so  high.  These  increased  dimen- 
sions are  partly  due  to  the  fact  that  the  polder  levees  have  to  stand 
the  j)ressure  of  a  considerable  head  of  water,  not  for  a  few  days  or  a 
few  weeks,  but  all  the  year  round,  without  intermission.  They  are 
still  more  due  to  the  poor  quality  of  the  material  of  which  the  levees 
are  composed,  ■which  is  mostly,  from  the  nature  of  the  situation,  peat 
ground.  Clay,  of  course,  is  scarce  and  valuable  and  lies  very  deep. 
Nevertheless,  a  good  and  tight  levee  may  be  made  of  peat.  For  this 
purpose  it  is  put  up  in  thin  and  even  layers,  thus  avoiding  excessive 
shrinkage.  Such  embankments  are  subject  to  the  further  danger  of 
sloughing  and  sinking  into  the  underground,  accompanied  by  a  rising 
or  "  bulging"  of  the  bottom  of  the  ring  canal.  This  danger  is  met,  as 
far  as  possible,  by  giving  a  great  base  to  the  embankment  and  leaving 
wide  berms.  Sometimes  a  kleikist  or  muck  ditch  is  used,  2  to  2.5 meters 
wide,  and  extending,  if  possible,  in  depth  into  the  clay  stratum,  or,  if 
this  cannot  well  be  reached,  at  least  2 . 5  or  3  meters  deep.  The  ditch  is 
filled  with  good  clay,  well  tamped,  and  brought  to  a  height  of  0.2  to 
0.3  above  the  ground.  Plate  LXIX  shows  a  typical  section  from  Beek- 
man,  of  a  polder  levee,  with  its  ditch  on  the  inside  and  its  ring  canal  on 
the  outside,  iised  for  the  i)iarpose  of  navigation,  as  is  common.  The 
flat  slojDe  is  placed  on  the  inside,  as  it  would  not  be  suitable  for  the  side 
wall  of  a  canal.  The  second  figure  shows  the  apparatus  for  draining. 
The  Haarlem  Lake  leves  is  even  stronger  than  the  type  represented. 
It  ajDpeared  to  have  a  land  slope  of  about  10  to  1,  with  an  immensely 
broad  crown  and  a  canal  about  150  feet  wide.  Large  vessels  were 
upon  it. 

*  Storm-Buysing,  Waterbouwkunde,  ii,  378, 
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The  reclamation  of  Haarlem  Lake  was  so  remarkable  an  enterprise 
that  it  deserves  a  short  notice.  It  is  interesting  to  engineers  in  several 
particulars.  Accurate  records  of  its  history  are  in  existence  and  are  pre- 
served in  print.*  It  appears,  then,  that  in  1531  four  lakes  occupied  the 
space  which  was  afterward  covered  by  Haarlem  Lake.  Their  collective 
area  was  21  530  acres.  They  lay  in  the  low  fen  lands,  and  every  storm 
cut  away  a  part  of  their  shores,  until  in  1591  they  formed  a  single  sheet 
of  26  390  acres,  and  had  swallowed  up  the  village  of  Vyfhuizen.  In 
1647  the  area  had  increased  to  36  110  acres,  and  two  more  villages  had 
disappeared  down  the  jaws  of  the  "water  wolf,"  as  the  people  termed 
it.  In  1740  the  lake  possessed  a  surface  of  41  510  acres,  in  1808  of 
44  440  acres,  and  at  the  time  of  the  reclamation,  1849,  45  500  acres. 
The  loose  turf  displaced  by  the  storms  was  either  burnt  for  fuel  or  carried 
to  the  sea  through  the  sluices  at  Spaarndam.  Costly  works  were  under- 
taken for  the  protection  of  the  banks,  but  the  district  was  not  equal  to 
the  task.  The  State  finally  contributed  to  the  undertaking,  and  such 
was  felt  to  be  the  magnitude  of  the  emergency  that  even  distant  Utrecht 
lent  its  aid.  The  sum  thus  approj^riated  was  about  $720  000.  So  great 
was  the  rejoicing  that  the  town  of  Aalsmeer  apjioiuted  an  annual  day  of 
thanksgiving,  which  was  kept  till  1795. 

The  destruction  of  the  banks,  however,  was  not  the  only  evil  to  be 
combated.  By  the  effect  of  the  wind  on  this  large  and  continually  increas- 
ing body  of  water,  the  surface  on  one  side  was  frequently  raised  during 
storms  to  a  dangerous  extent.  As  early  as  1639,  Leeghwater,  already 
mentioned,  had  demonstrated  the  practicability  of  draining  the  lake, 
and  his  work  had  gone  through  many  editions.  Other  plans  were  sug- 
gested; but  it  was  not  until  the  present  century,  when  the  introduction 
of  steam  as  a  motor  opened  new  possibilities,  that  the  project  began  to 
be  seriously  canvassed,  and  it  was  finally  given  a  new  impulse  by  the 
storm  of  1836,  previously  alluded  to.  A  law  was  at  length  passed  in  1839, 
opening  a  loan  of  eight  million  florins,  and  appointing  a  commission  of 
management.  First,  however,  provision  must  be  made  for  the  great 
diminution  of  reservoir  surface  which  was  about  to  take  place.  The  lake 
was  actually  85  per  cent,  of  the  whole  bosom  of  the  Ehineland.  To  com- 
pensate for  this  loss,  the  sluices  at  Katwyk  were  enlarged  and  new  facili- 
ties provided  for  conducting  water  to  them.  Steam  mills  were  erected 
at  Spaarndam,  Halfweg  and  Goiida.  There  was  much  diflSculty  in  build- 

*Beekman,  De  Strijd  om  het  Beetaan,  pp.  241-249. 
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ingtlie  ring  levee  on  tlie  weak  and  treacherous,  sometimes  "half  float- 
ing," soil,  as  it  is  described.  After  completion,  the  levee  shrank  and 
settled  till  it  reached  4  feet  below  its  original  grade.  It  is  about  17  miles 
in  circumference.  The  pumps  have  been  adverted  to.  When  they  were 
built  they  were  among  the  wonders  of  the  world,  and  it  is  doubtful 
whether  they  have  been  surjjassed  since.  They  worked  more  than  three 
years  (being  stopped  210  days,  on  account  of  the  bosom  being  too 
full).  The  quantity  of  water  evacuated  was  more  than  800  000  000  cubic 
meters,  or  say  tons.* 

The  total  cost  was  13  920  000  florins,  or  say  $5  500  000,  of  which 
nearly  one-third  went  for  interest;  42  200  acres  were  sold  to  individuals 
for  S3  142  800,  or  nearly  $80  per  acre.  At  present,  the  polder  does 
not  present  a  very  flourishing  appearance.  The  soil  after  it  was  drained 
was  found  to  be  jaoor  and  sandy  in  places,  the  layer  of  clay  being  there 
thin  or  missing.  It  is  laid  out  in  straight  lines  and  right  angles,  with  the 
eternal  double  rows  of  trees  along  the  roads.  It  seems  there  has  been 
much  difiiculty  in  this  extensive  polder,  in  keeping  the  water  to  a  level 
that  is  satisfactory  to  all — some  of  the  lands  lying  much  higher  than 
others.  This  has  caused  a  part  of  the  polder  to  be  separated  from  the 
rest  by  a  subordinate  levee. 

The  i^rocess  of  draining  into  the  sea  or  the  rivers  in  the  natural  way 
is  performed  through  the  medium  of  sluices  or  locks.  Where  the  jiass- 
age  is  used  for  purposes  of  navigation,  the  latter  must  of  course  be 
employed.  Where  this  necessity  does  not  exist,  a  simpler  form  of  sluice 
is  used,  called  by  the  Dutch  an  "outwatering  sluice."  These  devices 
are  simple  in  principle,  consisting  merely  of  a  masonry  culvert,  usually 
brick,  with  folding  or  sliding  gates;  but  however  simple,  they  demand 
much  care  and  skill  in  construction,  owing  to  the  fact  that  they  ai*e 
placed  in  earthen  dams  with  a  considerable  head  against  them,  and  on 
earthen  foundations,  and  sometimes  with  earth  of  the  worst  quality  in 
each  situation. 

Culverts  even  of  the  ordinary  dimensions  are  almost  always  jjlaced 
on  piles  and  with  the  same  precautions  that  are  used  with  lock  floors. 
Piles  are  the  grand  resource  in  Holland  and  this  the  more  that  they  have 
a  very  long  life  in  that  soil.  In  Belgium  it  is  said  that  in  many  situa- 
tions they  decay  very  rapidly. f    Piles  in  small  works  are  usually  driven 

*  A  cubic  meter  weighs  about  2  205  pounds. 

t  Gaudard  ou  Foundations,  p.  12  (Van  Nostrand's  Science  Series). 
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bv  a  band  engine,  with  a  hammer  varying  in  weight  according  to  the 
number  of  men  employed.  Ordinarily  the  jsroportion  is  15  kilograms 
or  say  33  pounds  per  man.  Generally  about  ten  men  work  at  once.  The 
frame  is  a  three- stick  sheers,  of  which  two  sticks  lie  in  a  vertical  plane. 
There  is  a  tie  across  the  two  at  the  top,  from  which  are  suspended  two 
sheaves,  one  for  the  pile  and  one  for  the  hammer.  To  the  tie  are  fixed 
two  rings  through  which  pass  the  leads — long,  round,  slender  i^oles, 
perhaps  50  or  60  feet  in  length.  "When  the  leads  are  to  be  moved,  they 
are  worked  by  one  of  the  sheaves  as  if  they  were  piles.  The  same 
arrangement  was  seen  used  with  steam  power  with  a  hammer  of  450 
kilos. 

In  laying  the  floors  of  locks  or  culverts,  the  caps  are  secured  to  the 
piles  by  mortises  and  tenons,  the  tenons  being  wedged  so  as  to  make  a 
dovetail  joint.*  The  stringers  are  placed  and  secured  in  the  ordinary 
way,  the  caps  being  let  into  them  about  2  inches.  The  best  dry  clay  is 
then  filled  in  between  the  caps  and  thoroughly  tamped,  after  which  the 
lower  floor  or  jjine  floor  of  3  or  4-inch  plank  is  laid  with  all  possible 
care,  calked  and  pitched.  Previously  to  this  four  or  more  rows  of 
•"  dam  plank  "  have  been  driven,  being  sheet  piles  of  pine  or  fir,  3  to  4 
inches  thick,  joined  to  one  another  by  tongues  and  grooves  and  extend- 
ing into  the  ground  from  10  to  16  feet,  their  mission  being  of  course  to 
•cut  oflf  leakage  under  the  floor.  In  some  important  works,  as  in  the 
Vreeswyk  locks  of  the  new  Merwede  Canal,  the  spaces  between  adjacent 
rows  of  dam  plank  are  filled  with  concrete— see  Plate  LXX.  Over  the 
pine  floor  is  placed  a  third  tier  of  timbers  or  cross-pieces,  perpendicular 
to  the  stringers  and  parallel  to  and  exactly  over  the  caps,  projecting  1.5 
or  2  feet  at  each  end  and  built  into  the  side  walls.  They  are  fastened  as 
strongly  as  possible  through  the  floor  to  the  cai3S,  so  as  to  form,  as  nearly 
as  may  be,  one  whole  with  them.  If  the  floor  of  the  lock  is  to  be  built  of 
masonry,  the  woodwork  is  completed  with  the  cross-pieces.  Otherwise 
the  spaces  between  the  cross-pieces  are  built  up  with  carefully  laid 
masonry,  consisting  of  hard  burned  brick  (klinkers)  laid  in  cement  and 
covered  with  a  layer  of  the  same.  On  this  is  j^laced  the  upper  or  oaken 
floor,  calked  and  pitched. 

The  particular  duty  of  the  tier  of  cross-pieces  is  to  protect  the  floor 
of  the  lock  or  culvert  from  the  upward  pressure  of  the  water.     Even 
after  every  precaution  is  taken  to  jjrevent  infiltration,  by  dam  planks 
♦  Algemeene  Voorschriften,  §  200. 
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and  the  like,  it  will  often  happen  that  there  is  a  very  dangerous  quantity 
of  leak  water  in  the  soil,  which  exerts  a  hydrostatic  (or  rather  a  hydraulic) 
l^ressure  on  the  floor.  This  is  the  same  influence  that  has  been  alluded 
to  as  forming  one  of  the  principal  elements  of  danger  to  dikes  built  on 
bad  soil,  and  it  is  the  more  threatening  to  locks  or  culverts  on  account  of 
the  comparatively  narrow  base  which  economy  presf-ribes  for  such 
structures,  whereby  the  pressure  of  the  external  water  is  not  much 
diminished  by  friction.  Accordingly  the  Dutch  engineers,*  in  calcula- 
ting the  amount  of  the  oppeo'sing  as  they  call  it  (up-pressing  or  upward 
thrust),  assume  that  the  pressure  is  purely  static  and  equal  to  that 
theoretically  due  to  the  head.  The  resistance  opposed  to  this  force  ia 
composed  of  the  strength  of  the  cross-pieces  and  caps,  held  down  as 
they  are  by  the  weight  of  the  side  walls  and  the  frictional  resistance  of 
the  ijiles  to  being  drawn  out  of  the  ground  (the  floor  being  dovetailed  to 
the  piles  by  means  of  the  caps).  Particular  stress  is  laid  upon  this  bv 
the  Dutch,  and  attention  is  specially  called  to  it  because,  it  is  believed,^ 
some  American  engineers  are  disposed  to  underrate  the  effect  of  upward 
thrust  from  soil  water.  It  will  no  doubt  appear  that  the  estimate  of  its 
power  by  the  Diitch  engineers  is  excessive;  but  it  must  be  remembered 
that  their  perhaps  over-great  precautions  are  not  entirely  due  to  theoreti- 
cal considerations,  but  are  no  doubt  partly  the  result  of  the  exi3erience 
of  repeated  failures.  Even  now,  it  is  said,  there  is  a  bad  leak  in  the 
floor  of  one  of  the  great  locks  at  Ymuiden,  which  has  not  been  stopped. 
In  place  of  the  upper  tier  of  cross-pieces,  if  the  floor  is  to  be  of  masonry, 
it  may  be  built  in  the  shape  of  an  invert,  but  the  piles,  caps,  stringers 
and  pine  floor  are  usually  retained.  Mr.  Kemj^er  informed  the  author 
that  a  departure  was  made  from  this  method  in  the  new  locks  now  under 
construction  at  Ymuiden.  They  are  founded  on  concrete  alone — no  piles. 
Two  jirincipal  types  of  outwatering  sluice  are  described  as  being  in 
use.  In  one,  the  dike  is  cut  through  nearly  to  the  crown  on  each  side, 
and  vertical  front  and  back  walls  of  masonry  with  wing  walls  of  the 
same  provided.  In  this  case,  the  culvert  proper  is  only  about  the  crown 
width.  In  the  other  type,  the  dike  is  cut  down  only  partly  ujj  the 
slopes,  making  a  longer  culvert,  but  lower  front  walls  and  shorter  Avings. 
The  latter  is  the  tyise  of  which  the  most  instances  were  seen.  It  would 
seem  to  be  far  preferable  in  bad  soil  and  is  the  prevalent  pattern  in 
Zeeland. 

*  Storm-Buysiog,  Waterbouwkunde,  li,  231-237. 
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Gates  are  either  sliding,  in  grooves,  raised  and  lowered  by  a  rack 
and  pinion  or  screw,  or  tliey  are  lock  gates,  arranged  in  pairs.  They 
may  be  at  the  end  or  in  the  middle.  In  the  latter  case,  they  must  be 
made  so  as  to  act  automatically,  and  close  by  the  mere  pressure  of  the 
water.  In  most  sluices  there  are  also  one  or  more  sets  of  grooves  to 
receive  stop  planks,  if  necessary,  and  windlasses  are  provided,  in  the 
larger  sluices,  for  raising  and  lowering  them.  Stop  planks  are  of  very 
general  use  in  the  sluices  and  locks  of  the  Netherlands.  They  are  fre- 
quently placed  in  pairs,  and  the  space  between  them  filled  with  well- 
tamped  clay.  The  larger  outwatering  sluices  are  elaborate  structures, 
and  indeed  some  of  them  are  monuments  of  excellent  engineering.  The 
largest  and  most  celebrated  of  them  all  is  the  great  sluice  or  aggrega- 
tion of  sluices  at  Katwyk,  to  which  allusion  has  frequently  been  made. 
This  massive  work,  though  built  so  long  ago  (in  1807),  is  said  to  be  the 
finest  of  the  kind  in  Europe,  and  the  engineer,  Conrad,  has  a  monu- 
ment in  the  Cathedral  at  Haarlem, 

The  Katwyk  sluice  belongs  to  the  category  of  "  flushing  sluices " 
[spuisluizen  as  the  Dutch  call  them),  in  which  the  inner  water  is  allowed 
to  accumulate  to  a  considerable  head,  and  is  then  discharged  suddenly 
for  the  piirpose  of  sweeping  away  aggregations  of  silt.  In  case  the  level 
of  the  inner  water  is  not  sufficient  to  accomplish  this  object,  the  outer 
water  is  admitted,  at  time  of  flood,  into  a  large  chamber,  which  is  then 
opened  near  ebb.  At  Katwyk,  the  chamber  is  the  space  included  be- 
tween the  outer  and  innermost  sluices  (there  are  three  altogether),  of 
1  500  meters  in  length.     See  the  plan,   Fig.  7.*    There  are  five  open- 


FiG.  7. 

ings  in  the  outer  sluice,  each  closed  by  a  sliding  gate,  raised  and  lowered 
by  a  winch  and  chain,  the  latter  passing  over  a  sheave,  with  a  counter- 
poise. Besides  this,  there  are  two  grooves  at  each  end  of  the  sluice 
to  receive  stop  planks  for  repairs  or  emergencies.     The  outer  water  is 


*  From  Storm-Buysing. 
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admitted  only  through  the  middle  opening,  by  a  special  appliance, 
designed  to  keep  out  the  greater  portion  of  the  sUt  suspended  in  the 
sea  water.  For  this  purpose  the  sliding  gate  of  the  middle  opening  is 
divided  horizontally  into  two,  the  upper  one  alone  being  raised  for  the 
admission  of  the  outer  water.  When  the  chamber  is  high  enough,  the 
gate  is  closed  and  the  water  retained  until  the  tide  has  run  out  suffi- 
ciently, when  all  the  sluices  are  opened.  They  usually  remain  open 
five  or  six  hours.  The  head  under  which  they  work  is  great  enough  to 
sweep  away  the  masses  of  sand  thrown  up  by  the  sea.  Of  course  an 
elaborate  spillway  is  required.  The  second  or  middle  sluice,  which  lies 
500  meters  from  the  outer,  is  suffic  ient  to  keep  out  the  greatest  external 
flood,  and  is  therefore  an  additional  security  against  accident  from  such 
a  source.  It  was  originally  intended  also  as  a  flushing  sluice  in  case 
the  canal  itself  became  silted  up  within  the  outer  sluice.  It  was  found, 
however,  that  fears  on  this  account  were  groundless,  and  the  flushing 
gates  were  removed.*  "When  Haarlem  Lake  was  reclaimed,  it  was  found 
necessary  to  enlarge  the  inner  sluices;  and  in  1880  the  powerful  steam 
l^umijing  plant  previously  mentioned  was  built. 

It  has  already  been  said  that  the  tops  of  the  dikes,  in  almost  all  in- 
stances, are  either  jsaved  or  graveled,  and  used  as  roadways.  If  they 
are  leaved,  it  is  always  with  brick,  of  the  kind  which  the  Dutch  call 
Tclinkers,  from  the  clear  ring  which  they  emit  when  knocked  together. 
These  are  very  hard  burned  brick,  of  medium  or  small  size,  obtained 
mostly  from  two  sources,  the  Yssel  of  Holland  and  the  Waal.  The 
former  are  very  small,  yellow  in  color,  and  very  hard.  The  material  for 
them  is  gotten  from  the  muddy  bed  of  the  Yssel,  the  deposits  of  which 
are  admirably  adapted  for  this  purpose,  f  The  chief  dei3ots  for  them  are 
Gouda  and  Rotterdam.  The  Waal  brick  are  considerably  larger,  nearly 
the  size  of  one  of  our  American  bricks,  and  of  a  dark  red  color.  They 
are  more  generally  esteemed  for  road  making.  Yssel  brick,  however, 
are  occasionally  made  Waal-size,  as  they  term  it.  They  are  laid  on  a 
sand  bed,  by  preference  not  less  than  16  inches  thick,  on  edge,  with  the 
longest  side  perpendicular  to  the  axis  of  the  dike.  It  was  observed  by 
a  very  intelligent  eugineerj  that  brick  do  not  make  a  satisfactory  road  for 
heavy  hauling,  as  they  will  not  stand  such  hard  use  for  more  than  two 

*  Storm-Buysing,  ii,  210. 
t  Baedeker. 
}  Mr.  Wisboom. 
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or  three  years,  but  they  are  excellent  for  ordinary  traffic.  The  author 
saw  some  brick  roads  which  were  said  to  have  been  built  in  the  time  of 
Napoleon.  In  Zeeland  they  prefer  them  to  gravel,  as  the  soil  in  these 
islands  is  soft  and  clayey,  and  the  gravel  is  apt  to  sink. 

The  gravel  roads,  however,  i3redominate  by  far,  and  constitute, 
perhaps,  nine-tenths  of  the  present  highways.  It  may  be  remarked  that 
good  roads  have  not  always  been  the  rule  in  Holland.  On  the  contrary, 
they  are  of  comparatively  recent  origin,  dating  no  further  back  than  the 
era  of  Napoleon.  Under  his  regime  a  great  national  road  was  built 
through  Holland  and  Belgium  and  via  Amiens  to  Paris,  and  in  the  reign 
of  his  brother.  King  Louis,  the  impulse  thus  given  was  vigorously  fol- 
lowed. In  fact,  the  Dutch  jseople  hail  the  memory  of  King  Louis 
as  the  author  of  the  present  excellent  system,  under  which  the  whole 
kingdom  is  traversed  by  admirable  artificial  ways.  It  is  not  to  be  sup- 
posed that  the  making  of  these  roads  is  easy  or  cheaja.  The  material 
does  not  lie  close  at  hand,  but  must  be  transported  from  a  considerable 
distance  and  handled  repeatedly.  It  is  true  that  water  transportation 
is  cheap  and  labor  sufficient,  but  Holland  has  no  great  advantages  in 
these  regards  over  other  alluvial  regions.  In  other  words,  what  the 
Dutch  have  done,  the  people  of  the  Mississij^pi  Valley  may  do,  or  any 
others  who  have  the  requisite  energy  and  population.  The  gravel  for 
the  Dutch  roads  comes  from  three  sources* — by  dredging,  from  the 
upper  Waal,  above  Tiel  ;  from  the  Maas,  and  from  the  hills  of  Limburg 
and  elsewhere  in  the  region  of  the  gravel  diluvium.  The  last  is  pre- 
ferred (as  similar  (jualities  are  also  in  America,  for  railroad  ballast  and 
for  streets)  from  the  fact  that  there  is  a  matrix  of  earth  surrounding 
and  cementing  the  pebbles,  and  serving  the  same  purpose  of  giving 
hardness,  firmness  and  tenacity  when  they  are  put  into  a  road.  The 
gravel  is  run  through  one  or  more  screens  and  the  different  sizes 
separated,  the  larger  being  used  for  the  lower  layer  and  the  smaller  for 
the  upper. 

The  General  Regulationsf  prescribe  that  first  a  suitable  bed  shall  be 
prepared,  of  the  proper  consistency  and  shajje,  with  a  convex  or  cylin- 
drical upper  surface.  On  this  shall  be  placed  a  layer  of  refuse  brick, 
laid  fiat  and  regular,  the  joints  filled  with  saud  or  mortar  refuse.  Next 
comes  a  layer  of  broken  brick  and  then  the  gravel.      According  to  par- 

*  Mr.  Leemans. 

t  Algemeene  Voorscbi-iften,  §§  296-302. 
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ticular  specifications,*  the  gravel  is  to  be  placed  in  three  layers,  alto- 
gether 6  inches  thick.  Each  layer  is  sprinkled  with  a  layer  of  clay  2 
centimeters  thick,  or  say  0.8  inch,  well  rammed  and  rolled.  As  to  this 
particular,  Mr.  Wisboom  stated  that  there  was  a  difference  of  opinion 
among  engineers,  some  maintaining  that  the  admixture  of  clay  was 
detrimental,  and  that  gravel  alone  was  preferable. 

A  subject  of  great  interest  to  river  engineers  is  the  experience  of  the 
Dutch  with  ou.tlets.  It  is  knoAvn  that  this  system  had  a  faithful  trial  on  the 
large  rivers  of  Holland,  and  the  author  made  inquiries  of  all  the  engineers 
he  met  as  to  the  results  of  the  experiment.  It  was  found  that  at  one  time  it 
had  been  the  fashion,  and  that  some  remains  of  it  were  still  in  existence. 
The  branch  of  the  Rhine  called  the  "  Gueldres  Yssel "  gives  a  some- 
what shorter  route  to  the  sea  level  than  the  Lek  or  the  Waal,  and  the 
lands  which  lie  along  its  course  are  high,  not  subject  to  serious  injury 
by  inundation,  and  capable  of  being  drained,  in  case  of  such  a  misfor- 
tune, by  natural  means.  The  Yssel  was  not  originally,  as  it  appears,  an 
arm  of  the  Rhine  at  all,  but  was  a  separate  river,  of  which  the  upper 
part  still  exists  under  the  name  of  the  Old  Yssel.  The  connection  with 
the  Rhine  arose  either  from  the  cutting  of  a  canal  in  the  Roman  times 
by  Drusus,  or  by  the  enlargement  by  the  latter  of  a  channel  which  had 
already  begun  to  cut  itself  out  in  time  of  overflow.!  The  Yssel,  at  its  mean 
stage,  carries  off  one-ninth  of  the  whole  discharge  of  the  Rhine,  and  in 
time  of  flood  a  still  larger  proportion.  It  was  found  that  this  gave  a 
great  relief  to  the  dangerous  and  much  threatened  Lek  country,  and  it 
was  very  natural  to  wish  to  make  this  relief  still  greater  and  more  certain 
by  providing  means  whereby  a  still  more  considerable  part  of  the  high 
water  discharge  could  be  transferred  to  the  shorter  and  less  dangerous 
stream. 

In  Holland,  as  in  America,  after  every  serious  disaster,  or  even  a  sea- 
son of  great  alarm  and  expense,  a  variety  of  counsels  have  been  offered 
for  the  prevention  of  future  damages,  and  the  drawbacks  of  the  dike 
system  are  made  the  subject  of  vigorous  attack.  These  drawbacks  are 
the  expense,  always  increasing  as  the  dikes  are  made  higher  and  heavier, 
and  the  ever-present  possibility  of  breaks,  with  their  attendant  conse- 
quences of  loss  of  property  or  even  of  life,  which  also  become  more 
formidable  as  the  dikes  are  given  a  greater  height.     To  these  real  dis- 

*  Specifications  for  the  graveling  of  the  Heerewaardon  Dikes,  August,  1888. 
t  Bceknian,  "Netherland  als  Poldurland,"  p.  16. 
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advantages  are  generally  added  others  which  have  uo  substantial  founda- 
tion. The  truth  is,  that  commimities,  usually  of  limited  extent  and 
not  superabundant  resources,  become  appalled  at  the  prospect  of  the 
millions  to  be  spent  in  the  attainment  of  a  i^erfect  dike  system,  which, 
like  a  mountain  peak,  seemed  at  the  beginning  to  be  easily  within  reach, 
but,  after  a  long  and  toilsome  progress,  is  still  far  off.  Hence  there  is  a 
continual  temptation  to  try  other  methods,  by  way  of  experiment  at 
least,  and  some  of  them  look  plausible  enough  to  command  the  attention 
of  intelligent  people,  and  even  of  some  among  the  profession  of  engi- 
neers. In  the  earlier  part  of  the  present  century  there  appears  to  have 
l^revailed  in  Holland  a  feeling  of  profound  discouragement.  The  for- 
midable danger  of  ice  gorges  had  been  present  with  unusually  great  fre- 
quency, and  this  seemed  a  peril  against  which  even  increased  height  and 
strength  of  dikes  could  not  assure  immunity.  It  was  held,  even  by  the 
majority  of  engineers,  that  "the  dikes  had  corrupted  the  state  of  the 
land,"  and  that,  at  least,  the  system  had  been  resorted  to  prematurely, 
and  before  the  country  was  prepared  for  it  and  in  the  proper  condition; 
that  is,  it  may  be  siipposed ,  before  the  flood  plain  had  attained  its  proper 
development,  and  the  banks  had  been  built  up  to  a  sufficient  height.*  A 
commission  of  engineers  was  appointed  in  1821,  and  in  1827  their  report 
was  published,  recommending,  among  other  things,  an  extensive  series  of 
outlets.  The  programme  encountered  strong  opposition,  and  was  never 
carried  out  further  than  to  widen  some  of  the  existing  outlets  on  the 
Maas.  There  were  already  several  of  these  weirs,  and  they  were  allowed 
to  remain  until  a  very  late  date. 

The  principal  outlet  was  about  the  upper  mouth  or  point  of  departure 
of  the  Yssel  of  Gelderland,  already  mentioned  as  affording  unusual  facili- 
ties for  the  trial  of  such  a  scheme.  In  1809  an  ove7-laat  was -put  in  at  this 
point,  about  2  miles  long.  As  the  Yssel  itself  at  this  place  was  not 
considered  large  enough  to  carry  the  additional  discharge,  other  over- 
laten  were  made  in  its  banks,  to  allow  the  overflow  water  either  to  return 
io  the  stream  lower  down,  at  some  more  favorable  point,  or  to  seek 
another  exit  into  the  Zuider  Zee.  This  series  of  weirs  has  now  been 
suppressed,  and  the  only  remnant  of  the  system  is  one  of  those  which 
formerly  existed  on  the  Maas — namely,  the  Beers  overlaat,  formerly 
^alluded  to,  which  deserves  a  notice  in  connection  with  the  interesting 
work  for  giving  a  new  mouth  to  the  River  Maas. 

*  Storm-Buysing,  ii,  56. 


640  STARLING    ON   THE   HOLLAND    DIKES. 

It  lias  already  been  said  that  the  Maas  is  not  diked  for  its  whole 
length.  A  few  years  ago  there  were  three  openings  in  the  line — two  on 
the  southern  bank  and  one  on  the  northern.  The  former  were  called 
respectively  the  Beers  and  Bokhoven  overlaten,  the  latter  the  Heere- 
waarden  overlaat.  From  the  two  former  the  Maas  water  flowed  over  its 
banks  and  inundated  its  own  valley.  The  last  named  is  situated  at  the 
jjoint  where  the  Waal  and  the  Maas  apijroach  one  another  so  closely, 
and  as  the  Waal  is  equally  undiked  here,  it  allows  the  water  of  the 
greater  river  to  overflow  into  the  less.  Therefore,  so  far  as  the  Maas  is 
concerned,  the  Heerewaarden  overlaat  is  not  an  outlet  at  all,  but  lather 
an  inlet.* 

Of  the  weirs  on  the  southern  bank,  the  higher  is  situated  near  the 
very  beginning  of  the  dike  system,  about  1  mile  below  the  point  where 
the  Maas  is  crossed  by  the  railway  from  Venlo  to  Nymegen,  just  above 
the  town  of  Grave,  and  near  the  village  of  Beers.  Here  is  a  gap  in  the 
dike  about  a  mile  and  a  half  in  length.  This  is  not  left  entirely  open, 
l)ut  is  partially  closed  by  a  "summer  levee,"  of  which  the  greater  part, 
however,  is  not  permanent,  but  must  be  removed  during  the  winter,  to 
be  restored  after  the  flood.  The  remaining  portion  is  constructed  for 
the  special  purpose  of  allowing  the  water  to  run  over  it.  Collectively, 
the  gap  is  called  the  Beersche  overlaat,  and  the  water  which  pours  over 
it  in  time  of  flood  is  called  the  Beersche  Maas. 

The  term  overlaat  is  used  to  designate  any  kind  of  outlet  or  waste 
weir.  It  is  rendered  into  French  by  the  word  deversoir.  It  is  api^lied 
to  several  very  dissimilar  constructions,  not  only  to  open  or  undiked 
lands,  but  to  sluices  in  the  main  dikes,  designed,  in  case  of  necessity, 
to  let  out  inundation  water,  and  to  low  stretches  in  the  same  dikes,  top- 
ped or  surmounted  by  a  small  and  easily  removed  supplementary  levee, 
of  which  we  have  seen  several  examples.  The  author  did  not  see  the  Beers 
outlet,  but  he  saw  the  one  at  Heerewaarden,  which  is  said  to  be  very 
similar.  It  consisted  partly  of  merely  low  and  flat  dike,  and  partly  of 
stortebed  or  spillway.  The  latter  was  carefully  faced  with  basalt  blocks, 
Avith  a  moderate  outside  (Waal-side)  slope,  2.5  to  1,  and  a  long  sloj^e  on 
the  Maas  side,  10  to  1.  The  crown  was  given  a  rounded  form.  It  was  2 
meters  broad,  f    The  specifications  for  these  worksj  provide  that  the 

*  An  overflow  of  the  Maas  into  the  Waal,  of  any  consequence,  has  never  occurred, 
t  See  Plate  LXIV. 

t  Watei'Btaat.    Beteugeling  der  Heerewaardensche  Overlatcu.    Dienst  1888.    Bestek  eo 
Voorwaarden,  etc.    No.  188.    Aug.  29,  1888. 
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embankments  sliall  1  e  built  entirely  of  clay,  thel)orrow-pit8  to  be  distant 
not  less  than  50  meters  on  the  Maas  side,  and  covered  with  a  straw  mat, 
brick  rubble  and  basalt  in  succession.  The  Bokhoven  overlaat  is  merely 
undiked  land.  The  Baardwyk  overlaat,  of  which  hereafter,  is  protected 
by  what  has  been  designated  as  rysbeslag,  that  is,  l)y  a  brush  dressing 
covered  by  a  layer  of  rubble,  stone  or  brick. 

At  a  stage  of  about  4.5  feet  below  the  grade  of  the  Maas  dikes,  the 
water  begins  to  jsour  over  the  Beers  outlet,  or,  as  the  technical  phrase 
is,  "the  outlet  works."  It  fills  the  low  space  between  the  southern 
Maas  dike  and  the  heath  lands  of  North  Brabant  (a  distance  of  2  or 
3  miles),  and  soon  reaches  the  important  city  of  's  Hertogenbosch,  or 
Bois-le-Duc,  the  capital  of  the  province,  where  it  encounters  the  small 
river  Dieze,  running  nearly  perpendicular  to  the  course  of  the  overflow 
water,  and  diked  on  both  sides.  There  are  two  sluices  and  some  low 
places  (overlaten  again)  in  the  eastern  Dieze  dike,  and  through  them  the 
inundation  water  finds  its  exit  into  the  Maas  again  at  the  mouth  of  the 
Dieze  at  Crevecoeur.  A  portion,  however,  of  the  overflow  may  pass  to 
the  south  of  Bois-le-Dac  (depending  on  the  height  of  the  flood,  etc.). 
Now,  from  Crevecoeur  to  Bokhoven,  half  a  mile  or  so  (800  meters),  the 
Maas  has  no  dikes.  Through  this  gap  the  excess  of  overflow  water  may 
enter  the  Maas,  jjrovided  the  latter  be  low  enough.  If  the  Maas  be  at 
all  high,  this  return  flow  is  not  possible.  On  the  contrary,  the  very  re- 
verse operation  may  take  place,  and  the  Bokhoven  overlaat  may  aggra- 
vate the  overflow.  This  is  an  incident  of  frequent  occurrence,  especially 
from  high  water  in  the  Waal,  which  river,  as  has  been  seen,  at  high  stages, 
has  had,  until  recently,  direct  communication  with  the  Maas  over  the 
Heerewaarden  overlaat,  and  has  still,  at  the  mouth  of  the  Maas  at  "Woud- 
richem,  only  15  miles  below  Bokhoven. 

Now,  the  Waal  is  a  much  larger  river  than  the  Maas.  In  fact, 
it  is  three  times  as  great.  The  communication  between  the  two 
streams,  then,  is  entirely  to  the  disadvantage  of  the  Maas,  that  is, 
the  latter  never  seriously  affects  the  Waal,  while  the  Waal  may  pro- 
duce formidable  floods  in  the  smaller  river.  Both  by  direct  flood, 
then,  at  Heerewaarden  and  by  back  water  from  Woudrichem,  the 
Maas  may  be  so  raised  at  Bokhoven  as  to  pour  a  considerable 
volume  over  the  bank.  This  finds  its  way  rather  deviously  between 
diked  lands  through  the  bottom  called  the  Langestraat,  corresponding, 
in  the  lower  part  of  its  course,   to  the  valley  of  the  Old  Maasje  (little 
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Maas),  an  old,  abandoned  and  deteriorated  bed  of  the  Maas,  to  the  Hol- 
landsch  Diep,  and  thence  to  the  sea  at  Hellevoetsluis.  The  combined 
volume  of  the  overflow  may  be  so  considerable  as  to  threaten  the  dikes 
-which  border  the  zone  of  inundation.  Breaks  not  unfrequently  occur 
and  produce  disastrous  overflows.  Mr.  Wisboom  pointed  out  the 
locality  of  a  crevasse  which  occurred  in  1880,  near  Nieuwkuyck.  The 
entrance  or  sill  of  the  Langestraat  forms  a  narrow  pass  which  is 
partially  closed  by  the  Baardwyk  overlaat  above  alluded  to.  This  outlet 
is  large  enough  to  give  passage  to  the  whole  volume  of  the  overflow 
which  enters  via  Bokhoven.*  It  is  a  kilometer  wide,  say  three-fifths  of 
a  mile. 

By  this  system  it  will  appear  that  a  portion  of  the  flood  water  of  the 
Maas  is  diverted  from  the  main  stream  and  allowed  to  flow  by  a  side 
channel  until  it  either  regains  the  parent  river  or  enters  the  sea,  accord- 
ing to  circumstances.  The  overflowed  country  is  mostly  not  directly 
inhabited,  that  is,  there  are  no  houses  or  dwellings  in  it,  except  in  the 
City  of  Bois-le-Duc,  which  is  surrounded  by  the  inundation  water,  but 
raised  above  it.f  It  is  not  abandoned  either,  but  turned  into  grazing 
land  for  the  most  part,  though  occasionally  grain  and  other  crops  are 
planted,  when  the  overflow  goes  down  in  time,  that  is,  by  April.  This 
it  would  almost  always  do,  did  the  inundation  proceed  from  the  Maas 
alone.  But  the  Waal  sometimes  is  in  flood  in  May  and  June,  and  thus 
the  relief  of  the  polders  of  the  Maas  is  delayed  to  an  extent  which  may 
be  fatal.  Otherwise  the  overflow  is  not  regarded  as  a  calamity.  The 
ground  between  the  Maas  and  the  uplands  is  not  of  the  best  quality,  and 
needs  the  fertilizing  influence  of  the  floods.  Nevertheless,  the  polder 
lands  about  Heusden,  which  are  inclosed  by  dikes,  are  worth  twice  as 
much  as  those  included  in  the  overflowed  tract,  the  former  being  valued 
at  $800  per  acre.  The  overlaten  themselves  are  closed,  as  soon  as  their 
function  is  ended,  every  year,  by  summer  levees,  which,  however,  must 
be  demolished  before  winter. 

The  evils  of  this  situation  are  numerous.  First,  as  to  the  Waal  itself. 
The  flow  through  the  overlaten  causes  an  abrupt  change  of  direction  of 
the  current  and  a  loss  of  volume,  hence  diminishes  the  velocity  of  the 

*  Notice  sur  les  Travaux  de  Separation  de  la  Meuse  et  du  Wahal.  (Par  C.  Schnebbelie, 
Ingenieur-en-Chef  du  Waterstaat.)  Bois-le-Duc,  1889.  An  abridgment  of  this  paper  is  con- 
tained in  the  volume  entitled  "Les  Voies  de  Navigation  dans  le  Royaume  des  Pays-Bas," 
of  which  mention  has  been  made. 

t  Mr.  Wisboom  says  that  he  has  skated  all  around  the  city. 
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main  stream,  brings  about  deposition  of  silt,  a  rise  of  the  bottom  and  a 
shallowing  of  the  water,  and  therefore  promotes  the  formation  of  ice 
gorges  in  the  Waal,  the  evil  of  all  most  dreaded  in  time  of  flood,  as 
endangering  the  dikes  above  it.  For  the  Maas  it  is  equally  disastrous. 
The  subtraction  of  one-sixfli  of  the  high- water  discharge  of  the  Waal 
through  the  Heerewaarden  outlet  would  add  one-half  to  the  contents  of 
the  Maas.  Even  though  the  Waal  be  not  Jiigh  enough  to  discharge  any 
considerable  quantity  over  its  banks,  yet  it  can  "back  up  "  from  Woud- 
richem,  and  thus  prevent  the  outflow  of  the  Maas  water,  facilitate  ice 
gorges,  prevent  their  dissolution,  and  obstruct  the  drainage  of  the  low 
lands.  Hence  the  bold  project  of  seijarating  the  two  rivers  entirely, 
and  giving  the  Maas  a  new  mouth.  This  scheme  involves  the  closing  of 
the  Heerewaarden  overlaat,  the  damming  of  the  Maas  just  above  its 
junction  with  the  Waal,  and  the  construction  of  a  new  bed,  some  21  miles 
in  length  (inclusive  of  the  channel  called  the  Amer,  which,  with  improve- 
ments, will  form  a  part  of  the  new  Maas),*  and  large  enough  to  i^ass  the 
high-water  discharge  of  the  river.  The  overlaten  at  Beers  andBokhoven 
are  left  to  be  closed  by  the  local  authorities,  should  they  choose  to  do 
so.  The  affair  is  not  regarded  as  of  national  importance.  It  is  Mr. 
Schnebbelie's  opinion  that  they  will  be  closed.  The  law  authorizing 
the  execution  of  the  project  was  passed  in  1882.  The  necessary  act  for 
the  expropriation  of  lands  was  passed  in  1885,  and  the  work  was  begun 
in  1886. 

The  closing  of  the  Heerewaarden  outlet  was  not  designed  to  take  place 
suddenly,  but  by  degrees,  so  that  the  rivers  might  have  time  to  accom- 
modate themselves  to  their  altered  regimen.  Consequently,  the  work 
there  has  consisted  of  successive  raisings  and  enlargements  of  the  dikes 
and  overlaten,  which  are  still  in  progress.  The  canal  of  Sint  Andries, 
near  Heerewaarden,  unites  the  two  rivers  for  navigable  purposes,  and  the 
raising  of  the  locks  is  a  part  of  the  project.  This  is  being  done  to  full 
grade,  but  the  last  enlargement  of  the  embankments  brings  them,  the 
author  thinks,  only  within  0.8  meter  of  that  standard.  There  are  to  be 
two  dams  across  the  Maas — one  at  Neer-Andel,  about  2  miles  above  its 
confluence  with  the  Waal  at  Woudrichem,  the  other  at  Slyk-Well,  just 
below  the  upper  mouth  of  the  new  river,  and  forming  a  prolongation  of 
the  dike  which  constitutes  its  northern  bank.     Both  are  connected  with 


*  The  part  which  is  to  be  actually  constructed  out  and  out,  is  about  13  miles.    The  bed 
of  the  old  Maasje  will  also  be  used  for  a  short  distance,  but  it  will  have  to  be  tripled  in  volume. 
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the  systems  of  dikes  on  either  side  of  the  river.     There  will  be  sluices 
in  the  dams  for  the  benefit  of  navigation. 

The  project  for  the  dams,  as  shown  in  the  figure  (Plate  LXXI),  which 
is  from  a  tracing  kindly  given  the  author  by  Mr.  Schnebbelie,  consists 
simply  of  an  earthen  embankment,  which  will  be  constructed  after  clos- 
ing the  river  by  a  low  dam  of  fasc.'ne  work  (zinkstukken).  Zinkstukken 
(sink  pieces)  are  fabrics  of  fine  brush,  very  much  after  the  fashion  of  the 
"mattresses"  so  familiar  to  engineers  on  the  Mississippi,  but  much 
smaller,  of  much  finer  material  and  made  more  compactly  and  with 
more  care.  They  are  of  extensive  use  in  river-works,  and  probably  fur- 
nished the  model  for  our  own  mattresses,  with  such  modifications  as 
adapted  them  to  American  use.  The  brush  is  the  same  that  is  ordinarily 
seen  in  the  market  in  Holland,  as  it  has  already  been  described.  To 
make  a  zinkstuk  a  grillage  of  fascine  work  is  first  laid,  upon  which  two 
or  more  layers  of  brush  are  placed,  and  then  the  work  is  completed  by 
another  grillage,  laid  exactly  over  the  first  and  drawn  tightly  to  it.  Upon 
the  mattress  thus  finished  a  series  of  square  pens  is  built  out  of  brush, 
to  hold  the  stone  or  other  ballast  which  is  to  sink  the  mat.*  The  grill- 
ages are  each  composed  of  long  fascines  or  saucissons,  made,  or,  as  they 
express  it,  spun,  continuously  and  without  joints  to  the  required  length, 
which  may  be  50  meters  or  more.  They  are  required  to  be  built  of  Hol- 
land brush,  with  the  tops  on,  and  must  be  5  inches  in  diameter.  Unless 
otherwise  ordered,  they  are  to  be  three  feet  apart  from  center  to  center. 
The  bottom  layer  is  to  be  placed  in  the  direction  in  which  the  greatest 
strain  is  expected,  whether  this  be  lengthwise  or  transverse.  Upon  this 
the  second  layer  is  placed  crosswise,  the  two  layers  being  firmly  bound 
together  by  withes  and  tarred  rope,  the  latter  being  used  at  the  ends  and 
at  every  alternate  joint,  and  having  long  projecting  ends  secured  to  up- 
right temporary  stakes.  Upon  the  grillage  is  laid  the  brush  in  two  or 
three  layers,  as  the  case  may  be,  each  layer  being  jilaced  crosswise  to  the 
preceding.  The  thickness  is  12  inches  in  the  one  event  and  17  in  the 
other.  The  brush  is  laid  in  bundles,  as  delivered,  close  and  even.  The 
top  grillage  is  now  placed,  one  layer  at  a  time,  as  a  cap  to  the  work,  the 
crossings  of  the  two  layers  being  vertically  over  those  of  the  bottom 
grUlage,  as  indicated  by  the  temporary  stakes  above  mentioned.  The 
two  grillages  are  then  firmly  drawn  one  to  the  other  by  the  projecting 
roi^es,  which  have  been  detached  from  the  stakes,  and  the  latter  with- 
drawn. 

*  Algemeene  Voorschriften,  §§  99-144. 


PLATE   LXXI 

TRANSAM  SOC.CiVENGRS 

VOLXXVI  N9  534. 

STARLING  ON   HOLLAND  DIKES. 


PSil   avt  XLU^tcif . 


(£ctt    di    Ca  i^llci^c. 


.<^/^^.-.     /?'^^/wr^   »^..>-. 


S^fU£^'   'I'  ^'iSSO. 


STARLING    ON   THE    HOLLAND    DIKES.  645 

The  mattress  thus  constructed  is  prepared  for  the  reception  of  the 
l)allast  by  driving  strong  stakes,  about  4  feet  long,  into  it,  and  inter- 
weaving about  them  flexible  twigs,  forming  a  continuous  low  wattling  in 
each  direction,  that  is,  lengthwise  and  crosswise.  Thus  will  be  ijresented 
a  network  of  jjens,  which  should  be  about  6  feet  square  each.  In  these 
is  placed  sufficient  ballast  (stone  or  brick)  to  give  bare  flotation  to  the 
mat.  The  latter  is  then  sunk  at  once  by  rapidly  and  systematically 
throwing  on  more  ballast.  The  last  details  of  the  process  are  almost 
identical  with  those  pursued  on  the  Mississippi,  but  are  much  simpler 
and  easier  on  account  of  the  small  size  of  the  mats  and  the  slower  cur- 
rent. The  widest  mat  of  the  Neer-Andel  dam  (that  at  Slyk-Well  is  pre- 
cisely similar)  is  40  meters  wide,  the  others  being  from  12.5  to  7.  The 
thickness  seems  to  be  about  0.75  meter,  or  say  30  inches.  The  mat- 
tresses of  the  Mississippi  work  are  frequently  100  meters  or  more  wide 
■and  300  meters  long,  and  are  sometimes  sunk  in  a  current  of  2  meters  per 
second.  The  fascine  work  will  be  built  only  to  the  height  of  mean  tide 
in  the  Waal.  Behind  this,  on  the  Maas  side,  the  earthen  dam  will  then 
be  constructed. 

The  building  of  these  enormous  embankments  in  the  bed  of  active 
or  past  streams  may  be  supposed  to  be  often  attended  with  great  diffi- 
culty, and  such  is  indeed  the  case  when  the  bed  is  composed  of  or 
underlaid  by  soft  and  compressible  material.  The  trouble  is  compara- 
tively small  when  the  embankment  is  merely  for  a  highway  or  railway. 
Then  resort  may  be  had  to  fascine-work  or  similar  devices.  But  when 
the  earthwork  is  intended  to  withstand  the  pressure  of  a  considerable 
head  of  water,  such  means  are  frequently  or  generally  of  doubtful  utility, 
or  are  even  positively  dangerous,  as  tending  to  permit  destructive  leakage 
under  the  bank.  Under  these  circumstances  it  has  been  a  puzzle  to 
levee  engineers  what  was  the  safest  and  most  economical  course  to  pur- 
sue, and  most  of  them  have  fallen  back  on  the  simi^le  rule  of  earth  and 
more  earth.  The  Dutch  engineers  have  had  their  full  share  of  these 
troubles  and  they  seem  to  have  come  to  very  much  the  same  conclusion. 
Of  course,  the  princij)al  difficulty  with  soft  soils  is  that  the  embankment 
keeps  sinking  and  displacing  the  ground  which  serves  as  its  foundation, 
the  latter  in  the  meantime  forcing  up  the  surface  of  the  surrounding 
land,  and  this  sinking  may  be  of  indefinite  and  unascertainable  extent. 
It  is  true  that  there  are  formulas  by  which  we  may  calculate  it  to  a 
nicety  if  we  only  know  the  angle  of  repose  of  the  soil.     That,  however, 
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is  generally  the  very  thing  we  do  not  know.  Experiments  made  to 
ascertain  it  during  the  period  of  constrnction  may  be  very  misleading— 
as  the  soil  may  then  be  in  a  very  different  condition  from  that  ■which  it 
will  assume  at  the  time  of  danger.  Practically,  we  find  that  an  embank- 
ment may  continue  to  sink  until  it  has  very  nearly  displaced  its  own 
weight  before  it  comes  to  an  equilibrium,  and  that  on  attempting  to 
complete  the  work  by  adding  more  earth  the  process  is  likely  to  recom- 
mence. Furthermore,  this  will  very  possibly  take  place  at  the  most  in- 
convenient time,  that  is,  at  the  time  of  flood,  when  the  water  stands  high 
against  the  dike  or  dam  and  the  soil  is  thoroughly  permeated  and 
softened.  Consequently,  various  devices  have  been  tried  in  the  way  of 
piles,  grillages,  fascines  and  the  like,  with  the  result  that  they  have 
partially  stopped  the  settling  at  great  expense  and  sometimes  at  the  risk 
of  losing  the  dike. 

Mr.  Kemper,  one  of  the  engineers  of  the  new  Amsterdam-Merwede 
Canal,  exhibited  a  number  of  very  interesting  profiles  and  sections, 
exhibiting  the  displacements  that  had  taken  place  at  various  points 
of  his  line — sometimes  amounting  to  a  very  considerable  fraction  of 
the  whole  contents  of  the  bank.  Mr.  Wisboom,  previously  mentioned, 
assured  the  author  that  he  had  known  instances  where  it  had  equaled 
twice  the  contents  of  the  embankment — in  other  words,  the  work  had  to 
be  built  thrice  before  it  reached  its  final  equilibrium.  Mr.  Kemper  said 
that  in  building  some  of  the  locks  about  Amsterdam,  they  had  to  throw 
in  sand  in  vast  quantities  to  displace  the  mud  and  peat,  and  then  drive 
their  piles  into  the  sand.  At  Vreeswyk,  on  the  Lek,  in  one  instance, 
they  found  it  cheaper  and  more  satisfactory  to  dig  away  the  peat  alto- 
gether and  rejslace  it  with  sand.  They  consider  river  sand  to  be  quite 
good  soil,  at  least  in  comparison  with  peat.  Mr.  Kemper  kindly  had 
made  a  copy  of  some  of  the  borings  at  Amsterdam  (as  well  as  those  at 
Vreeswyk,  previously  given).  They  appear  on  the  next  page.  Beri'ie  is 
very  similar  to  i)eat,  but  found  in  a  little  difierent  situation. 

In  the  earthen  dams  lately  built,  the  practice  then  has  been,  so  far 
as  coi^ld  be  learned,  to  rely  almost  entirely  on  earth,  which  is  usually 
sand.  The  old  books  recommend  zinl\:stukken  or  other  foundations,  and 
they  are  still  used  to  some  extent  in  desperate  cases.  The  great  dam 
across  the  Y  a*  Schellingwoude  has  a  single  layer  of  zinJcshikken  under 
its  center,  and  several  uuder  the  foot  of  each  slope.  They  are  best 
adapted  to  such  cases  as  this,  where  the  bottom  is  very  soft;  where 
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there  is  water  constantly  standing  on  both  sides,  and  the  brush  conse- 
quently kept  covered,  and  where  the  difference  of  level  between  the 
internal  and  external  water  is  not  very  great.  Since  the  use  of  rail- 
roads for  building  banks,  with  steam  excavators  and  dredges,  sand  is 
obtained  so  cheaply  and  in  such  large  quantities  that  it  is  now  the 
principal  resource.  It  is  a  refuse  product  of  dredging,  which  is  largely 
carried  on  in  the  river  improvements  and  canal  works.  The  author 
saw  it  used  in  enormous  volumes  in  the  construction  of  the  new  Maas 
bed,  where  there  is  sometimes  a  good  deal  of  peat  encountered;  and  he 
saw  there,  too,  a  remarkable  instance  of  the  displacement  of  the  latter 
by  the  sand  of  the  new  embankment.  The  jieat  had  been  forced  to 
the  toi3,  as  though  by  the  superior  sj)ecific  gravity  of  the  sand,  and  it 
lay,  or,  as  it  were,  floated  there,  as  an  irregular,  foul-looking,  wot  mass, 
not  unlike  a  manure  heap  in  appearance.  This,  he  was  told,  is  a  veiy 
frequent  phenomenon. 


Fig.  8. 


The  fascine  dams  at  Neer-Andel  and  Slyk-Well  are  merely  auxiliary 
and  are  not  essential  parts  of  the  new  constructions.  The  most  impor- 
tant, laborious  and  expensive  part  of  the  work  is,  of  course,  the  con- 
struction of  the  new  bed.  The  Maas  is  a  river  which  discharges,  at  the 
highest  water,  some  2  700  cubic  meters,  or  nearly  100  000  cubic  feet  per 
second.  This  is,  perhaps,  half  of  the  high-water  discharge  of  the 
Arkansas  or  White  Biver.  While  no  great  matter  for  a  living  river,  it  is 
a  pretty  formidable  flow  to  provide  for  artificially.  The  new  river  bed 
has  an  extreme  width  of  500  meters  or  1  640  feet,  and  an  extreme  depth 
of  nearly  8  meters,  or  about  26  feet.  It  is  built  partly  in  excavation  and 
partly  in  embankment.  Extending  entirely  to  the  soa,  it  undergoes  a 
change  of  condition  as  it  j)rogresses  downward  from  the  fluvial  part  of 
the  Maas,  and  the  bed  must  be  conformed  to  this  change.  The  Maas  at 
Slyk-Well,  like  other  rivers,  has  a  considerable  range  or  oscillation, 
namely,  about  17  feet.  This  oscillation  depends  almost  entirely  upon 
the  supply  of  water  from  above.  It  has  therefore  its  high-water  bed 
and  its  low-water  bed.  The  water-level  in  the  former  case  extends 
nearly  to  the  top  of  the  dikes.     In  the  latter  it  is  far  below  the  level 
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of  the  natural  surface  of  the  ground.     The  following,  then,  is  a  typical 
section  of  such  a  river: 


Fig.  9. 

Now,  at  the  mouth,  where  it  discharges  into  the  sea  or  the  estuary, 
there  is  no  such  condition.  There  are  high  waters  and  low  waters,  but 
they  are  dependent  on  the  tides  and  not  on  freshets.  The  oscillations  are 
daily  and  not  annual  or  of  long  jDeriod.  In  short,  the  river  has  under- 
gone a  change,  from  the  fluvial  to  the  maritime  regimen,  and  instead  of 
two  beds,  one  for  summer  and  one  for  winter,  we  now  have  one  only. 
In  designing  the  new  bed  for  the  Maas,  the  engineers  have  had  due 
regard  to  this  condition.  The  low-water  bed,  in  their  project,  keeps  on 
increasing  from  the  upper  to  the  lower  mouth.  At  the  origin,  the  width 
of  the  "minor  bed  "  is  170  meters.  Eleven  kilometers  below  it  is  210 
meters.  At  22  kilometers,  it  is  265  meters.  At  25,  it  is  315  meters. 
At  the  mouth,  it  is  495,  or  coincides  substantially  with  the  high-water 
bed.  Not  all  of  the  "new  river"  is  included  between  dikes.  These 
extend  for  about  22  kilometers,  or  13.6  miles,  after  which  they  cease, 
the  new  bed  then  using  the  antiquated  channel  of  the  Old  Maasje  to 
the  estuary  called  the  Amer,  through  which  the  stream  flows  into  the 
HoUandsch  Diep.  The  bed  of  the  Old  Maasje  is  only  one-third  large 
enough  to  accommodate  the  discharge  of  the  new  river,  so  it  must  be 
dredged  and  enlarged.  The  Amer  is  sometimes  too  wide,  sometimes 
too  narrow,  sometimes  too  shallow,  so  it  must  be  "regularized"  by 
contraction,  by  widening  or  deeiDening,  as  the  case  may  be.  The  bottom 
will  have  a  slope  of  about  0.08  in  1  000,  or  about  0.42  foot  to  the  mile. 

The  summer  bed  is  made  by  excavation,  the  winter  bed  by  embank- 
ment. As  the  quantity  of  material  furnished  by  the  former  process  is 
greatly  in  excess  of  the  requirements  for  ordinary  dikes,  it  follows  that 
the  enormous  banks  which  are  being  thrown  up  are  not,  to  use  Mr. 
Schnebbelie's  language,  dikes  properly  so  called,  but  partake  of  the 
nature  of  spoil  banks.  As  has  been  before  stated,  for  one-third  of  the 
distance  the  dikes  have  muck  ditches  under  them.  They  are  being  con- 
structed entirely  by  steam  trams,  standard  gauge,  with  large  iron  ditch- 
ing cars  which  hold  7  to  8  cubic  meters  each.  The  cars  are  filled  by 
steam  excavators.     When  the  author  saw  the  work  they  were  excavating 
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the  muck  ditch  by  steam  dredges.  The  trace  of  the  new  bed  consists 
of  several  gentle  curves,  which  change  direction  to  the  right  and  left 
alternately.  The  slopes  of  the  summer  bed  are  regulated  according  to 
these  changes  so  as  to  conform  to  the  practice  of  Nature,  the  steeper 
slope  being  on  the  concave  bank.  On  this  side  the  inclination  is  5  to  1, 
on  the  other  10  to  1.  The  dikes  have  a  slope  of  2  or  2.5  on  the  land  side 
and  5  to  1  on  the  water  side.  The  crown  varies  from  10  to  114  meters — 
say  33  to  374  feet.  The  berm  is  mostly  15  meters.  The  summer  bed 
commonly  lies  close  to  one  of  the  dikes,  northern  or  southern,  leaving  a 
wide  interval  between  its  bank  and  the  toe  of  the  other  dike.  It  is  in- 
tended to  use  this  interval  as  jjasture  land,  protecting  it  from  small  sum- 
mer freshets  by  a  summer  levee  on  the  margin  of  the  low  water  bed. 
This  adjunct,  by  the  way,  is  extremely  common,  and,  indeed,  universal, 
where  the  foreshores  are  wide,  on  all  the  rivers.  Outside  of  the  dikes 
again  are  canals,  intended  to  receive  the  drainage  of  the  polders  adjoin- 
ing the  new  river,  which  formerly  emptied  into  the  Old  Maasje.  These 
canals  will  discharge  into  the  new  river  by  sluices,  or,  if  necessary,  will 
be  drained  by  steam. 

The  cost  of  this  novel  though  not  unprecedented  enterprise  is  esti- 
mated by  Mr.  Schnebbelie  at  32  000  000  francs,  or  something  over 
$6  000  000.  This  includes  rights  of  way  and  everything  except  the  clos- 
ing of  the  Heerewaarden  overlaten  and  a  bridge  at  Heusden.  Of  this 
sum  the  Province  of  North  Brabant  contributes  $200  000  and  the  polders 
interested  $400  000.  The  rest  of  the  expense  is  borne  by  the  State.  Of 
course  great  consequences  must  be  exjoected  to  justify  such  an  outlay. 
The  ends  designed  to  be  attained  are  :  * 

First,  by  closing  the  Heerewaarden  outlets  the  principal  cause  of  ice 
gorges  will  be  removed.  Second,  by  the  exclusion  of  the  Waal  water 
and  by  the  greater  slojae  given  to  the  lower  Maas  there  will  result  such  a 
depression  of  the  water  surface,  that  even  after  the  suppression  of  the 
outlets  at  Beers  and  Bokhoven,  the  Maas  will  never  attain  its  former 
heights.  Thus  the  dikes  will  no  longer  be  menaced.  Furthermore,  the 
lands  adjacent  to  the  river  may  be  drained.  It  is  not  believed  that  the 
Waal  dikes  will  have  to  be  raised  in  conseqiience  of  the  closure  of  the 
Heerewaarden  overlaten. f 

It  is  very  interesting  to  the  American  engineer,  especially  to  those 

*  Travaux  Separatiou  de  la  Meuse  et  dii  Wahal. 
t  Beekmau,  "Nederland  als  Poklerland,"  p.  23. 


STARLING   ON  THE   HOLLAND    DIKES.  651 

engaged  in  the  Mississippi  service,  to  see  what  results  Mr.  Schnebbelie 
looks  for  and  how  high  up  stream  the  influence  of  these  changes  is  ex- 
pected to  extend.     It  will  be  seen  that  his  claims  are  very  moderate  : 

Distances  above  origin  Reduction  of  liigh- 

of  new  river.  water  line. 

0.3  mile 3.7  feet. 

4.0    "    2.3     " 

8.0    "    2.1     " 

13.5  "     1.7     " 

18.6  "    1.6     " 

24.8    "     0.3     " 

It  may  be  mentioned  here  that  the  traffic  ou  the  Maas  is  inconsider- 
able above  St.  Andries,  hence  no  injury  in  this  respect  is  to  be  feai*ed. 

On  the  subject  of  outlets  the  testimony  of  the  Dutch  engineers  was 
unanimous.  The  author  gives  such  of  their  opinions  as  he  made 
notes  of : 

"  It  is  an  axiom  of  river  engineers  that  every  river  must  carry  its  own 
water  to  the  mouth.  *  *  *  *  The  "Waal  is  injured  by  the  overlaten 
from  Heerewaarden  to  Loevestein.  At  high  stages,  as  the  river  is  loaded 
with  silt,  this  latter  is  dropj^ed  by  the  sudden  loss  of  velocity,  so  that 
recently  considerable  sums  have  been  spent  in  restoring  the  depth  by 
dredging.  The  outlet  is  also  dangerous  as  regards  ice  gorges.  Breaks 
in  dikes  have  often  the  same  consequences  as  overlaten — that  is,  a  dim- 
inution of  velocity  below  the  crevasse,  and  hence  ice  gorges  and  new 
dangers.  * 

"  The  Dutch  experience  with  outlets  is  all  against  them.  They  cause 
shallowing  of  the  river,  and  hence  (especially)  ice  gorges. f 

"The  overlaten  were  dangerous  and  detrimental  on  two  grounds. 
First,  they  caused  a  slackening  of  the  current,  and,  consequently,  de- 
posit and  shallowing ;  and,  second,  by  the  same  slackening  the  move- 
ment of  ice  was  impeded  and  gorges  formed.  The  principle  is  now 
utterly  condemned.  J 

"Formerly  along  all  our  lai'ge  rivers  we  found  such  overlaten, 
which  were  made  to  allow  the  water  to  escape  sideward,  especially  by 
an  ice  gorge.  This  system  is  generally  out  of  practice  at  present,  as  it 
is  stated  to  be  no  good  at  all.  The  river  must  be  capable  to  carry  oft'  its 
own  water.  Therefore  since  1861  we  have  ijeeu  at  work  to  normalize  the 
rivers.  *  *  *  We  may  safely  say  that  our  wishes  have  been  complied 
with  in  every  respect,  and  the  danger  of  ever  having  a  flood  again  has 
vanished.  The  overlaten  are  filled  up  to  the  height  of  the  dikes,  and  at 
present  only  two  more  exist  in  the  southwest  Maasdyk,  namely,  the 
Beersche  Maas  and  the  Bokhovensche  Overlaat ;  but  they  will  disapi^ear 
as  soon  as  the  new  mouth  of  the  River  Maas  is  ready.  "§ 

*  Beekman,  De  Strijd  cm  het  Bestaan,  pp.  49,  54. 

t  Notes  of  conversation  with  Messrs.  Schnebbelie  and  Wisboom. 

+  Notes  of  conversation  with  Mr.  Leemans. 

§  MS.  communication  of  Lieutenant  Wenckebach,  of  the  Dutch  Engineers,  1889. 
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The  work  of  building  and  repairing  dikes  or  waterways,  and,  in  fact, 
public  work  of  any  kind,  seems  to  be  done  almost  exclusively  by  con- 
tract. The  work  is  carefully  measured  and  staked  out  beforehand,  cross- 
sectioned,  and  an  accurate  estimate  of  it  made,  such  as  we  make  for  a 
final  estimate.  Persons  intending  to  bid  may  employ  their  own  engineers 
and  remeasure  the  work  if  they  please,  for  their  own  guidance.  They 
then  bid,  not  so  much  per  cubic  yard,  but  a  gross  sum  for  the  whole. 
The  specifications  are  of  two  kinds,  general  and  special.  For  work 
under  the  civil  department,  or  Waterstaat,  the  general  specifications  are 
those  to  which  allusion  has  already  often  been  made  (the  Algemeene 
Voorschriften).  This  is  a  volume  of  248  pages,  and  contains  standing 
regulations  for  the  execution  of  all  kinds  of  work — earth  and  dredging 
work,  the  construction  of  straw  mats  and  of  brushwork,  of  stonework, 
of  i^ilework  and  timber-work,  of  work  in  metals,  in  masonry,  calking, 
glazing,  stiTtco,  paper-hanging,  road  making,  etc.;  the  reqxxirements  for 
materials,  the  duties  and  rights  of  the  contracting  parties,  the  responsi- 
bilities of  bondsmen,  etc.;  a  table  of  weights  and  measures,  the  lawful 
hours  of  work,  and  a  quantity  of  miscellaneous  instruction.  This  volume 
is  for  sale  for  one  florin  (say,  forty  cents),  and  is  made  a  part  of  every 
contract,  except  so  far  as  it  may  be  superseded  by  special  provisions  in 
each  instrument,  in  which  case  the  modifications  are  particularly  noted. 
The  general  specifications  for  work  under  the  military  engineers  are  con- 
tained in  another  volume  entitled  "Algemeene  Voorwaarden,"  which  is 
altogether  different  in  arrangement,  but  covers  nearly  the  same  ground. 
The  particular  specifications  in  each  case  describe  first  the  nature  of  the 
work  to  be  done,  with  the  grades,  slopes  and  measurements,  the  materials 
to  be  employed,  and,  in  short,  every  detail  which  is  required  for  a  thor- 
ough understanding  of  the  work.  They  are  accompanied  by  accurate 
drawings.  One  feature  of  the  Dutch  specifications  is  a  list  of  uniform 
prices,  as  it  is  called,  which  is  to  regulate  any  bills  for  extra  work.  A 
few  of  these  prices  may  be  interesting  to  American  engineers: 

For  digging,  carting  or  loading  1  M'^  of  ground 4    cents. 

"    carrying  with  wheelbarrow  40  M.  level  or  25  M. 

not  steeper  than  10  to  1 5.6     " 

"    carrying  the  same  distance  further 3.2     " 

•'    carrying  with  cart  over  100  M  further 6         " 

"eachlOOM 3.2     " 

"    1  M'^  coarse  screened  gravel,  rolled 80        " 
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Tor  one  ship's  ton  ballast  stone,  delivered  and  placed 

in  position 92    cents. 

"    100  pieces  perkoenpalen,  oak,  1.60  M.  long  ...  .$5.40 
"    one  stone  setter,  krammer  or  brush  worker,  per 

day  of  10  hours 60         " 

"    one  earthworker,  or  common  laborer 50        " 

"    one  cart  with  horse  and  driver 2.00 

"    carriage  and  team  per  day 2.80 

The  laborers  are  all  natives,  and  form  a  peculiar  class,  called  famili- 
arly "polder- Jans,"  or,  as  a  Mississippian  might  say,  swamp-Jacks.* 

Steam  power  is  used  a  great  deal  on  large  works. 

The  construction  of  new  dikes  is  generally  or  always  undertaken 
by  the  Waterstaat  of  the  kingdom,  at  least  on  the  mainland.  In  Zee- 
land,  which  maintains  an  isolated  existence,  the  several  polders  bear 
all  their  own  expenses  in  this  way  if  they  are  able;  if  not,  they  seek  as- 
sistance from  the  state,  and  are  then  called  calamiteuse  polders.  After  the 
dikes  are  once  built,  however,  their  maintenance  and  enlargement  are  com- 
mitted to  the  local  authorities.  The  organization  of  the  Waterstaat  is 
said  to  be  somewhat  complicated,  and  effort  was  made  to  ascertain 
only  its  prominent  features.  The  head  of  the  department  is  the  Min- 
ister of  the  Waterstaat,  Commerce  and  Industry.  He  has  an  advisory 
ataflf,  consisting  of  an  inspector-general  (Mr.  Caland)  and  two  inspect- 
ors  (Mr.  Conrad  and  Mr. ).     These  are  chosen  from  the  chief 

engineers,  not  by  seniority  at  all,  but  by  selection.  There  is  a  chief  engi- 
neer in  charge  of  the  great  rivers — Mr.  Leemans — and  one  each  for  very 
great  works,  as  for  the  new  Maas  Mouth  (Mr.  Schnebbelie)  and  for  the 
Merwede  Canal  (Mr.  Wellan).  Besides  these  there  is  a  chief  engineer  for 
each  province,  and  these  have  subordinates,  one  for  each  arrondissement, 
or  more  or  less,  according  to  necessity.  The  chiefs  report  directly  to 
the  minister,  the  inspectors  being  the  latter's  professional  advisers. 
The  chiefs  themselves  are  not  necessarily  chosen  from  seniority,  though 
this  consideration  has  a  great  deal  of  weight.  The  inspector-general  has 
his  own  particular  sphere  of  action  in  the  assignment  to  duty  of  subor- 
dinates, etc.  The  department  of  river  gauges,  etc.,  is  his  peculiar  pro- 
vince.    The  two  inspectors  divide  the  kingdom  between  them  territo- 

*  Jan  is  a  common  term  in  Holland  for  any  waiter,  driver,  or  other  person  in  a  low  or 
menial  station.    It  is  usual  to  summon  a  waiter  by  calling  blm  Jan. 
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rially,  one  liaving  the  northern  and  the  other  the  southern  department.^ 
By  the  Constitution  of  1848,  the  Crown  has  the  supervision  of  every- 
thing that  concerns  the  Waterstaat,  including  roads  and  bridges,  whether 
the  costs  be  paid  by  the  general  government  or  otherwise.  The  jarovin- 
cial  estates  have  control,  within  their  provinces,  of  all  waters,  bridges, 
etc.,  and  are  authorized,  with  the  approval  of  the  Crown,  to  make 
changes  in  the  regulations  appertaining  thereto.  The  administrations 
of  the  waterschappen  may  propose  such  changes.  The  Estates  have 
authority  over  all  stripping  of  turf,  in  dikings,  droogmakeryen,  mines, 
etc.,  reserving  the  right  of  the  Crown  to  delegate  the  immediate  super- 
vision of  the  same  to  agents  appointed  by  it. 

Local  organization  is  somewhat  irregular.  In  some  jjrovinces  the 
polders  are  independent,  and  each  has  its  own  administration,  with  a 
presiding  officer  under  one  name  or  another.  More  commonly  several 
or  many  jjolders,  having  the  same  interests,  have  united  themselves  into 
a  waterschap,  and  maintain  an  active  and  powerful  organization,  with 
authority  to  impose  taxes,  etc.  These  bodies  attend  to  the  matters  of 
general  importance  to  the  district,  such  as  the  drainage  of  the  bosoms, 
defense  against  the  outer  water,  etc.  All  the  mainland  of  South  Holland, 
all  North  Holland  south  of  the  Y  and  a  part  of  Utrecht  are  divided  into 
such  great  waterschappen,  which  also  are  found  in  other  parts  of  the 
kingdom.  They  bear  all  sorts  of  names,  lioogheemraadschappen,  polder- 
dislriden,  etc.,  mostly  derived  from  the  middle  ages.  The  powers  and 
duties  of  these  bodies  are  very  varied,  some  having  control  of  all  matters 
relating  to  the  common  interest,  the  draining  and  letting  in  of  water,  the 
maintenance  of  the  river  and  sea  dikes,  the  levying  of  taxes  for  these 
purjjoses,  etc.  Sometimes  the  tie  is  much  looser,  and  the  polders  retain 
these  affairs  within  their  own  jurisdiction,  only  sending  representatives 
to  annual  meetings  of  the  waterschap  administration  for  the  discussion 
of  some  specially  important  subject.  The  individual  jjolders,  of  course, 
have  their  own  management,  which  attends  to  their  local  interests  and 
economy,  under  general  regulations  prescribed  by  the  Provincial  Estates. 

There  is  another  kind  of  body  charged  exclusively  with  the  super- 
vision of  the  dikes,  and  called  accordingly  dijksbesturen.  The  jurisdic- 
tion of  these  corporations  is  very  different  in  different  places.  One  part 
of  them  which  exists  in  nearly  all  the  iirovinces  is  called  the  "Daily 
Boards,"  generally  appointed  by  the  Crown  for  a  term  of  years.  "With 
*  Notes  of  conversation  with  Mr.  Leemans. 
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these  are  other  members,  either  elected  by  the  freeholders  or  api3ointed, 
by  virtue  of  ancient  rights,  by  corporations  or  even  by  individuals. 
Freeholders  generally  have  votes  in  proportion  to  their  possessions. 
The  administrative  board  of  a  jiolder  usually  consists  of  a  president 
or  secretary,  called  bailiff,  burgomaster  or  what  not,  and  several  mem- 
bers who  go  by  the  names  of  poldermasters,  dike  reeves,  or  the  like. 

The  expenses  of  management,  maintenance,  repairs,  etc.,  are  usually 
borne  by  the  landed  projDrietors  in  proportion  to  their  property.  In 
addition  to  the  general  charges  of  the  waterschappen,  the  i3olders  also  have 
their  separate  budgets,  which  are  sometimes  considerable.  As  an  example 
of  these  taxes,  it  may  be  mentioned  that  the  acreage  tax  of  the  Rhine- 
land  waterschap  from  1844  to  1867  averaged  1.40  florins  per  hectare,  or 
say  twenty-two  cents  an  acre.  The  polder  taxes  were  very  irregular.  In 
the  grazing  lands  (the  so-called  cow  polders),  which  lie  comparatively 
high  and  have  not  expensive  drainage,  they  amounted  to  from  thirty-two 
to  eighty  cents  per  acre.  In  the  deep  droogmakeryen  they  sometimes 
Avent  as  high  as  ^4  per  acre.  In  the  Haarlem  Lake  polder  they  were  $1 
per  acre.  The  whole  budget  of  the  Rhineland  district  ranged  from 
3100  000  to  3120  000.  That  of  the  polders  collectively  was  $160  000. 
For  the  whole  province  of  South  Holland,  including  the  islands,  the 
yearly  contribution,  in  1884,  was  about  $1  300  000,*  According  to 
Baedeker,  the  annual  expenditure  of  the  whole  kingdom  for  dikes  is 
about  82  400  000. 

A  word  should  be  said  about  the  remarkable  system  of  military  inun- 
dations, by  which  it  is  proposed  to  lay  certain  portions  of  the  country 
under  water,  in  case  of  necessity,  to  obstruct  the  progress  of  an  enemy. 
To  give  any  intelligent  exposition  of  this  plan  would  require  much  more 
careful  study  than  the  author  has  given  it,  and  much  more  information  than 
he  possesses.  Suffice  it  to  say  that  it  is  not  designed,  as  might  be  sup- 
posed, to  drown  the  enemy,  but  merely  to  make  the  roads  impassable  and 
the  country  untenable,  and  that  it  is  necessarily  applicable  only  to  the  low 
lying  polder  land,  that  is.  North  and  South  Holland  and  Utrecht.  The 
inundations  are  to  be  produced  by  sluices  specially  contrived  for  the 
purpose,  either  so-called  fan  sluices  f  or  sluices  closed  by  stop  plank,  or 

*Beekman,  "Nederland  alsPolderland."  pp.  125-132.     Id.  De  Strijd  om  het  Bestaan.  249. 

t  Waaijersluizen,  an  ingenious  contrivance,  with  a  gate  composed  of  two  leaves,  each  of 
■which  Itself  consists  of  two  gates,  at  something  less  than  a  right  angle  to  one  another,  and 
joined  firmly  together  at  the  quoinpost.  The  second  gate  works  closely  in  a  sector-shaped 
recess  in  the  wall  of  the  head-bay.  It  is  evident  that  the  head  against  the  one  gate  will  neu- 
tralize that  against  the  other. 
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simply  by  cutting  away  certain  overlaten.  These  works  are  placed 
tinder  the  guns  of  powerful  forts.  Of  course,  the  inundations  are  to  be 
accompanied  by  vigorous  military  and  naval  operations. 

The  sea-coast  of  Holland  is  said  to  be  about  1  500  miles  in  extent. 
Probably  about  800  of  it  is  protected  by  dikes.  The  author  has  seen  some- 
where an  estimate  of  the  length  of  the  river  dikes,  pj^acing  it  at  more  than 
800  kilometers,  or  say  500  miles.  The  dikes  are  only  a  part  of  what  Holland 
has  found  it  necessary  to  do,  to  build  up  a  country.  Of  enterprises 
recently  completed  or  still  in  progress,  the  North  Sea  Canal,  which  gives 
Amsterdam  its  access  to  the  ocean,  cost  $14  000  000;  the  New  Water- 
way from  Kotterdam  to  the  sea,  through  the  Hoek  van  Holland,  cost 
$13  000  000;  the  Merwede  Canal,  from  Amsterdam  to  the  Waal,  will  cost 
illO  000  000;  the  new  Maas  Mouth  will  cost  $6  000  000.  The  State 
which  has  accomplished  all  this  has  a  superficies  of  12  738  square  miles 
and  a  population  of  about  4  600  000.  It  is  impossible  to  visit  Holland 
without  an  increasing  admiration  of  the  plucky,  free,  intelligent  people 
who,  by  sheer  force  of  industry  and  genius,  have  created  for  themselves 
a  country  almost  against  the  will  of  nature.  Surely  the  Dutch  indulge 
in  no  empty  boast  when  they  say:  "  God  made  the  sea  and  man  made 
the  land." 


DISCUSSION. 


A.  F.  Sears,  M.  Am.  Soc.  C.  E.— I  think  Mr.  Starling  is  entitled  to 
our  most  cordial  recognition  of  his  energy  and  ability  in  the  preparation 
of  this  paper,  as  well  as  for  the  industry  and  earnestness  displayed  in 
learning  a  foreign  tongue  that  he  might  possess  himself  of  all  the  neces- 
sary data.  The  j^aper  is  the  more  interesting  to  me,  as  I  am  about  to  pro- 
ceed to  the  construction  of  important  works  of  a  similar  nature  to  these 
dikes,  of  which  it  treats.  I  hope  I  shall  not  be  considered  hypercritical 
if  I  venture  on  one  or  two  suggestions  on  behalf  of  myself  and  older 
members  of  the  Society  as  well  as  for  the  benetit  of  younger  members 
who  1  ook  to  our  published  Transactions  as  textbooks  of  both  example 
and  authority. 

First,  no  document  presented  here  can  be  made  too  clear.  There 
should  be  no  opening  left  for  any  misunderstanding.  I  think  it  a  mis- 
take not  to  have  translated  all  the  Dutch  words  that  he  has  given  us. 
All  through  the  paper  words  are  encountered  which  are,  indeed,  eventu- 
ally explained,  and  of  which  the  meaning  is  secured.     But  it  would  have 
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been  better  if,  throughout  the  text,  the  author  had  used  the  English 
equivalents  and  exhibited  the  Dutch  in  brackets. 

We  have  Hoofden,  Zinkstukken,  Droogmakeryen,  belonging  to  no 
tongue  that  is  classic  to  the  American  engineer;  enclosed  in  brackets 
they  might  be  interesting;  the  word  "  Perkoeupalen,"  we  are  told,  is 
untranslatable,  the  reason  being  that  even  the  Dutch  engineers,  them- 
selves, are  ignorant  of  its  derivation.  Now,  the  truth  is,  whatever  we 
may  say  of  the  word,  the  American  engineer  has  made  use  of  the  article 
«ver  since  our  profession  has  had  a  name  in  America.  He  has  used  it  to 
anchor  rafts  in  shallow  water;  to  secure  entanglements,  whether  of 
wire  or  brush,  on  the  glacis  or  elsewhere  in  front  of  works;  and  to  fasten 
sods  on  the  face  of  dry  sandy  slopes;  in  short,  for  a  hundred  purposes, 
and  as  yet  I  have  not  heard  that  he  ever  encountered  difficulty  in  secur- 
ing them,  if  he  called  for  anchor-stakes,  or,  more  briefly,  anchors. 

Few  engineers  are  permitted  time  to  study  rigid  literary  accuracy, 
but  we  may  always  keep  in  mind  a  remark  of  our  own  Hawthorne, 
"  There  is  no  word  nor  thought  in  any  language  that  cannot  be  fully 
and  accurately  translated  into  the  language  of  the  American  " — a  thought 
of  value  to  the  engineer. 

I  beg  your  indulgence  in  making  another  criticism;  I  refer  to  the 
conglomerate  statement  of  measures,  the  mixture  of  the  American  system 
of  feet  and  inches  with  the  metrical  system  of  the  European  continent. 
If  we  wish  to  make  our  i^apers  of  the  greatest  use  to  our  profession,  we 
should,  when  using  the  foreign  system,  accompany  it  with  the  equiva- 
lent American  value  in  brackets. 

There  is  a  doctrine  of  construction  suggested  in  this  paper  that,  I 
confess,  surprises  me.  If  it  were  simply  an  historical  statement,  I 
should  have  nothing  to  say  about  it.  But,  by  the  manner  in  which  the 
statement  is  made,  the  author  has  conveyed  what  seems  to  be  an  opinion 
of  his  own  so  completely  at  variance  with  all  experience  and  written  tes- 
timony, that  I  think  it  extremely  dangerous  to  leave  it  uncorrected. 
It  is  stated  on  page  577  as  follows:  "  The  material  of  the  dike  should, 
if  possible,  be  clay,  and  should  be  taken  from  the  outside.  If  clay 
cannot  be  had  in  that  situation,  then  resort  must  be'  had  to  the  inside. 
Sand  has  little  cohesion  and  does  not  make  a  strong  and  water-tight 
dike."  Farther  on,  the  writer  says  :  "  There  are  examples  of  dikes  that 
consist  of  very  sandy  material,  with  a  dressing  of  only  one  meter  of 
clay,  and  yet  they  turn  water  excellently.  But  it  is  easy  to  be  seen  that 
such  a  covering  must  be  carefully  treated  and  protected  from  iojury, 
as,  if  the  poor  material  be  exposed,  it  cannot  be  trusted  to  exclude  the 
water." 

Now,  as  I  have  said,  to  an  historical  statement  of  the  Dutch  custom  I 
have  no  objection;  but  I  think  Mr.  Starling  has  misinterpreted  the  fact 
of  the  outside  dressing  of  clay,  in  supposing  it  is  put  there  for  the  pur- 
pose of  making  a  water-tight  bank.     There  can,  I  think,  be  no  doubt 
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that  it  is  there  for  a  very  different  purpose.  It  is  there  because,  by 
reason  of  its  unctuous  nature,  it  presents  a  lubricated  surface,  when 
wetted,  to  the  action  of  the  current,  and  thus  impedes  the  banks 
erosion  more  effectually  than  a  mixture  of  sand  and  clay.  But  beyond 
all  doubt  for  purposes  of  a  water-tight  work,  there  must  be  with  clay  a 
mixture  of  sand  or  gravel,  or,  what  is  better  still,  of  both. 

I  have  never  yet  seen  a  satisfactory  analytical  statement,  accounting  for 
the  fact  that  clay  is  of  use  in  a  puddle  bank,  though  I  know  it  is  almost 
universally  so  employed.  Is  clay  used  to  fill  the  voids  of  the  grosser 
material,  or  are  the  other  materials  used  to  fill  the  voids  of  clay  ?  Both 
doctrines  are  taught  with  equal  positiveness  by  the  oracles.  Every 
engineer's  experience  has  taught  him  this  interesting  fact,  that  a  bank  of 
hard  jjan,  which  is  largely  sand  and  gravel  cemented  with  clay,  is  vastly 
harder  to  excavate  than  a  bank  of  pure  clay  can  ever  become. 

My  own  experience  in  very  early  life  furnished  me  a  useful  lesson  in 
this  direction.  It  was  the  custom,  forty  years  ago,  to  leave  all  the 
details  of  coflfer-dams  to  the  contractor,  on  whom  rested  the  responsi- 
bility of  raising  the  work.  The  contractor  in  the  case  to  which  I  refer 
was  the  late  John  Duff,  who  afterward  became  the  Vice-President  of  the 
Union  Pacific  Eailroad,  and  died  a  millionaire.  Mr.  Duff  took  charge  of 
all  the  details,  and  gave  his  personal  attention  to  the  construction  of  a 
cofifer-dam  which  it  became  necessary  to  build  in  Codorus  Creek,  on  the 
line  of  the  York  and  Harrisburg  Eailroad,  in  Pennsylvania.  The  struct- 
ure consisted  of  sheet-piling  enclosed  in  the  customary  yoke  timbers, 
and  forming  a  chamber  6  feet  wide  in  water  at  that  season  about  12  feet 
deep.  The  bottom  of  the  creek  was  a  thin  layer  of  silt  overlying  solid 
rock.  The  chamber  of  the  coflt'er-dam  was  filled  with  jjure  clay  from  the 
banks  of  the  creek,  and  the  pumping  began.  It  was  soon  discovered 
that  a  useless  and  expensive  structure  had  been  erected. 

About  this  time  the  waves  of  revolution  had  stranded  upon  these 
shores  an  accomj^lished  engineer  who,  under  the  patronage  of  the 
Appletons,  undertook  the  publication  of  a  book  that  should  be  authority 
on  the  subject  of  bridges.  I  had  become  a  subscriber  to  this  work  of 
George  Duggan,  and  received  the  number  containing  the  chapter  on 
cofi"er-dams  while  Duff  and  the  rest  of  us  were  scratching  our  noddles 
over  the  puzzling  jiroblem.  And  here  it  is  proper  to  remind  you  that  in 
18.50  there  was  very  little  engineering  literature  in  these  States.  I  think 
the  Engineer  and  Architects  Journal  of  London  and  the  American  Rail- 
road Journal  of  this  city  were  the  only  papers  that  professed  any  interest 
in  our  work.  Later  came  the  Appletons',  edited  by  Julius  W.  Adams,  I'ast 
President  Am.  Soc.  0.  E.  But  the  work  of  Duggan  solved  the  ditliculty 
for  us.  We  read :  '*  However  general  may  be  the  opinion,  it  is  certain  that 
one  more  erroneous  was  never  entertained  than  that  clay  alone  is  a 
proi^er  material  to  make  a  good  cotier-dam. "  "  All  clays,  when  used  in 
a  coffer-dam,  require  a  mixture  of  sand  and  gravel."      These  statements- 
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are  a  summary  of  the  entire  treatise,  which  is  carefully  elaborated.  It 
also  mentions  the  fact  that  "  in  specifications  for  these  works  the  usual 
expression  is  that  a  good  retentive  clay  must  be  used." 

I  suppose  that  in  very  shoal  water  and  in  i)ositions  like  those  of  the 
Dutch  dikes,  where  the  duration  of  exposure  is  not  continued  very  long 
at  any  one  time,  it  may  be  safe  to  use  pure  clay  as  a  water-tight  material; 
but  certainly  not  in  any  considerable  depth  of  water.  To  members  who 
are  interested  in  this  subject  I  recommend  this  chapter  from  Duggan, 
the  book  having  been  presented  to  the  Society  by  the  late  Mr.  Traut- 
wine.  Many  writers  on  this  subject  have  given  us  the  result  of  their 
experience  since  the  time  of  Duggan,  and  none  with  more  decided  tone 
than  the  late  "William  J.  McAlpine,  Past  President  Am.  Soc.  C.  E., 
whose  operations  in  sub-aqueous  works  we  are  all  famihar  with.  Very 
lately — in  November,  1890,  and  in  August,  1891 — Herbert  M.  Wilson, 
M.  Am.  Soc.  C.  E.,  jDresented  papers  to  this  Society  on  the  Indian  and 
American  irrigation  systems.  Interesting  and  valuable  statements  on  the 
subject  under  discussion  may  be  found  at  pages  251-2  in  the  Indian  paper, 
and  pages  206  and  220  of  the  other,  and  doubtless  also  in  other  parts  of  the 
documents,  though  I  do  not  happen  to  recall  them  at  this  moment. 

Now,  it  would  seem  that  in  this  day  experienced  professional  men 
should  not  be  found  who  can  make  the  mistake  of  requiring  the  con- 
struction of  a  water-proof  bank  with  pure  clay.  Not  more  than  two 
years  ago,  however,  I  went  to  South  America  with  an  English  engineer, 
a  member  of  the  Institution  of  Civil  Engineers,  who  recommended  a 
dam  of  masonry  because  there  was  not  a  mass  of  pure  clay  in  the 
vicinity,  the  trouble  being  that  all  the  clay  he  could  discover  was  unfor- 
tunately mixed  with  sand  and  gravel.  Imjiortant  and  disastrous  facts 
like  this  must  be  my  excuse  for  inflicting  on  you  so  considerable  a  dis- 
cussion of  what  ought  to  have  passed  beyond  discussion. 

I  observe  a  disposition  to  throw  large  cobble  stones  out  of  banks 
intended  to  be  water  tight.  If  the  work  is  intended  to  carry  a  water 
conduit,  and  therefore  subject  to  leakage,  there  may  be  reason  in  the 
precaution,  though  I  very  much  doubt  it;  but  an  earth  dam,  which  has 
been  properly  designed,  will  be  improved  by  leaving  the  heavier  ma- 
terial in  the  heart  of  the  work,  jsrovided  a  suitable  amount  of  good  water- 
proof front  has  been  left  on  the  water  face. 

I  observe  with  interest  a  statement  on  the  589th  page  of  Mr.  Star- 
ling's paper  that  may  be  adopted  as  an  argument  in  favor  of  dams  built 
of  clear  sand,  notwithstanding  the  previous  condemnation  that  material 
has  received.  He  says,  "At  Domberg  the  encroachments  of  the  sea 
have  been  so  extensive  that  they  are  about  to  build  a  dike  there  to  back 
up  the  streak  of  dunes  that  has  already  become  too  thin  for  safety,  while 
the  further  inroads  of  the  waves  are  i^revented  by  strong  revetments 
and  a  formidable  series  of  hoofdeu  [spuv  dikes] ,  extending,  it  was  said, 
all  the  way  to  Westkapelle.     The  dunes  are  justly  regarded  as  of  such 
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value,  that  extraordinary  jjains  are  taken  to  preserve  them.  Where 
there  is  a  high  beach,  extending  as  far  as  the  flood  line,  this,  of  itself, 
■will  protect  the  sand  hills  from  everything  excepting  very  high  tides, 
Where  the  beach  is  not  sufficiently  high,  sometimes  efforts  are  made  to 
raise  it  artificially  by  means  of  brush  or  reed  screens,  which  will  collect 
the  loose  sand,  as  it  is  blown  about  by  the  winds,  and  cause  it  to  lodge 
under  their  lee  until  the  screens  themselves  are  buried."  Here,  then, 
we  have  the  sand  dike,  one  of  the  most  common  contrivances  of  nature 
all  over  the  earth,  for  protecting  the  interests  of  her  other  higher  con- 
trivance— man. 

These  sand  dikes  are  more  common  on  the  Pacific  slope  of  this  con- 
tinent than  on  the  Atlantic.  I  have  observed  on  the  Atlantic  coast  of 
the  United  States  that  the  dunes  are  universal,  but  not  so  the  dikes, 
which  seam  to  exist  only  on  the  steepest  shores.  The  Pacific  shores 
have  a  steeper  declivity,  and  there  we  find  the  dikes  in  great  perfection » 
but  the  dunes  are  farther  inland,  where  they  exist  at  all,  and  attain  less 
height  than  on  the  Atlantic  coast.  A  remarkable  instance  of  such  a 
dike  extends  along  the  beach  north  of  the  Columbia  River,  to  Shoal- 
water  Bay.  The  waves  and  heavy  surf  along  that  shore  have  ijounded 
the  sand  into  a  most  compact  and  water-tight  mass,  some  10  feet  higher 
than  the  adjacent  land  on  the  inner  side  of  the  beach,  and  no  water 
passes  through  this  dike  during  the  highest  flood  tides.  I  lived  three 
years  behind  such  a  dike  as  this  on  Ferrol  Bay  of  Peru,  and  had  a  re- 
markable opportunity  to  see  its  water-proof  capacity;  for  a  river,  which 
should  have  flowed  into  the  Bay  of  Samanco,  having  burst  its  banks, 
came  down  over  the  pampas  of  Chimbote,  and  was  held  in  a  great  lake 
by  this  dike,  and  remained  there  until  a  channel  was  cut  for  its  outlet. 

I  presume  it  is  safe  to  say  that  every  member  of  this  Society,  who 
has  lived  in  the  hemlock  region  of  New  York,  can  recall  instances  of 
the  resort  to  sand  for  stopping  leaks  in  dams,  because  the  miller  said 
that  "  sand  would  get  there  when  nothing  else  would." 

C.  B.  CoMSTOOK,  M.  Am.  Soc.  C.  E. — Unfortunately  for  most  of  us, 
a  book  in  Dutch  is  a  closed  book,  so  that  a  debt  of  gratitude  is  due  to 
any  one  who  will  give,  as  Major  Starling  has  done,  the  results  of  his 
studies  and  of  his  personal  investigations  on  the  ground,  in  reference  to 
hydraulic  works  in  the  Netherlands.  Italy  and  the  Netherlands  have 
been  the  pioneers  in,  and  almost  the  inventors  of,  hydraulic  processes, 
and  despite  the  American  tendency  to  think  most  highly  of  what  we 
have  ourselves  done,  no  one  is  well  equipped  unless  he  also  knows  what 
others  have  accomplished. 

In  the  levees  on  the  Mississippi,  a  common  type  has  been  one  with  a 
crown  8  feet  wide  and  with  side  slopes  of  3  to  1,  banquettes  not  being 
habitually  used.  In  Europe,  on  the  other  hand,  river  levees  usually 
have  somewhat  steeper  slopes,  and  often  have  greater  top  widths  and 
banquettes,  whenever  the  levees  are  high.     Thus  on  the  Po  below  the 
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Ticino  the  normal  width  on  top  for  levees  close  to  the  river  bank,  estab- 
lished by  the  Superior  Council  of  Public  "Works,  is  from  8  to  9  meters, 
with  an  external  or  land  side  slope  of  2  to  1,  and  an  internal  slope  of  3 
to  2,  above  ordinary  water,  and  of  2  to  1  below  that  level.  At  a  meter 
and  a  half  below  the  top  of  the  levee  there  is  a  banquette  from  6  to  10 
meters  wide.  If  the  levee  is  well  back  from  the  river,  the  top  width  is  5 
meters  above  the  Ticino  and  7  meters  below,  while  the  banquette  is  3 
meters  below  the  top  of  the  levee,  and  5  to  7  meters  wide  whenever  the 
levee  is  6  meters  high.  The  aggregate  length  of  levees  on  the  Po  is  822 
kilometers. 

What  is  really  needed  for  levees,  is  that  the  surface  of  the  ground 
water  as  one  follows  it  from  the  river  side  of  the  levee,  at  the  high-water 
level,  through  the  levee  and  the  subjacent  ground,  to  the  ground  water 
surface  at  some  distance  from  the  levee  on  the  land  side,  shall  every- 
where be  below  the  surface  of  the  levee  and  of  the  adjacent  ground.  Now, 
where  the  levee  is  of  good  material,  and  below  its  foundation  there  is  very 
sandy  material,  the  above  condition  can  be  more  cheaply  fulfilled  by  a  wide 
banquette  on  the  land  side  than  by  a  heavy  levee  without  a  banquette. 

In  this  connection,  the  following  notes  as  to  German  levees  and  levees 
on  the  Theiss,  may  be  of  interest. 

Levees  on  the  Rhine,  in  Germany. — The  principal  continuous  levees 
begin  at  Cologne  on  the  left  bank  and  on  the  right  bank  below  Cologne, 
at  the  boundary  of  the  District  of  Diisseldorf.  From  this  boundary  the 
river  valley  increases  from  1  to  10  kilometers  in  width,  and  near  the 
Netherlands  frontier  is  25  kilometers  wide.  In  this  area  are  many  jJor- 
tions  of  the  old  Bhine  bed.  These  deserted  portions  in  the  course  of 
centuries  have  been  leveed,  either  against  all  floods  or  against  summer 
floods,  thtis  forming  ladders  whose  aggregate  area  is  about  1 100  square 
kilometers.     The  levees  are  of  three  classes: 

First. — Summer  levees,  which  jsrotect  only  against  summer  and  not 
against  winter  floods. 

Second. — Winter  levees,  which  protect  only  against  ordinary  winter 
floods. 

Third. — Bann  levees,  which  protect  against  floods  of  all  heights,  save 
those  produced  by  ice  gorges. 

The  aggregate  length  of  bann  and  winter  levees  is  about  520  kilo- 
meters, or  four  times  the  length  of  this  part  of  the  river,  and  of  sum- 
mer levees  is  about  260  kilometers. 

Almost  everywhere  the  summer  levees  have  bann  levees  or  winter 
levees  behind  them. 

The  highest  water  at  Cologne  since  1816  was    9. 52 meters,  in  Dec,  1882. 
"  Diisseldorf      "  "       8.93       " 

Summer  levees  are  raised  to 5.90      "   \        „^„„^ 

{        gauge. 

Winter  "  "         7.90       " 

Bann  "  "        9.50      " 
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The  flood  discharge  of  the  Rhine  is  315  000  cubic  feet  per  second  at 
the  Holland  frontier. 

The  levees  are  2  meters  wide  on  top  as  a  rule,  this  being  increased  to 
3.5  or  4  meters  when  used  as  a  road.  River  slopes  are  one-third  and  land 
slopes  the  same  where  not  exijosed  to  water.  Where  they  are  arranged 
for  overfalls  the  slopes  are  from  one-sixth  to  one-tenth. 

Elbe  Levees  in  Prussia. — The  aggregate  lengths  of  the  Elbe  levees  in 
Prussia,  from  the  Saxon  frontier  to  the  mouth  of  the  Seeve,  just  above 
Hamburg,  is  445  kilometers.  They  rise  to  from  0.6  to  1.0  meter  above 
the  highest  floods.  In  the  upper  districts  they  have  usixally  top  widths 
of  about  2  meters,  with  slopes  of  3  to  1  on  the  river  side  and  2  to  1  on 
the  land  side. 

Where  the  levees  are  2.5  meters  or  more  high,  a  banquette  from  3 
io  5  meters  wide  is  placed  on  the  land  side  at  2  meters  below  the 
<;rown.  In  the  lower  districts  the  top  width  is  at  least  2.9  meters,  or 
4.7  meters  if  used  as  a  road;  the  river  slopes  are  from  2  to  1  to  5  to  1, 
according  to  the  material,  and  the  land  slopes  from  3  to  2  to  2  to  1. 
Where  it  has  not  already  been  built,  a  banquette  both  outside  and  inside, 
5.9  meters  wide,  is  aimed  at. 

Vistula  Levees  in  Prussia.  —  On  the  Vistula  in  Prussia,  the  aggregate 
length  of  winter  levees  is  366  kilometers,  and  cff  summer  levees  30  kilo- 
meters. The  levees  have  a  top  width  of  from  3.8  to  5  meters,  and  in  the 
upper  district  usually  a  river  slope  of  3  to  1  and  a  land  slope  of  2  to  1  or 
3  to  2.  The  strongest  levees  are  below  the  forking  of  the  Nogat.  The 
normal  profile  for  these  levees  has  a  top  width  of  5  meters,  the  sloiDes 
being  those  named  above;  3  meters  below  the  crown  there  is  a  banquette 
of  5  meters  width.  These  full  dimensions  as  respects  slopes  and  ban- 
quette have  been  rarely  reached.  It  will  be  seen  that  banquettes  and 
steeper  slopes  than  3  to  1  on  the  land  side,  are  used  on  the  Elbe  and  the 
Vistula. 

The  Theiss  is  1  025  kilometers  long  from  the  point  where  it  enters 
the  Hungarian  plains  to  its  mouth  in  the  Danube.  On  it  a  large  num- 
ber of  cut-oifs  have  been  made  shortening  the  river  by  478  kilometers. 
The  plain  of  Hungary  subject  to  inundation  is  about  600  kilometers 
long.  In  1879,  in  consequence  of  breaks  in  the  levee  above  Szegedin, 
that  city  of  70,000  inhabitants  was  nearly  destroyed.  The  flood  was 
9.60  meters  above  lowest  water.  Szegedin  was  from  2  to  4  meters  below 
the  flood  level.  In  1872  there  had  already  been  built  1  200  kilometers 
of  levees,  and  since  the  destruction  of  Szegedin  in  1879  the  levees  have 
been  greatly  strengthened  and  improved. 

Between  the  Koros  and  the  Danube,  the  following  is  the  general  type 
of  levee  adopted: 

Height,  1.50  meters  above  high  water. 

Top  width,  6.0  meters. 

River  slope,  4  to  1  below  high  water  and  2  to  1  above. 
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Land  slope,  2  to  1. 

Banquette  on  land  side,  4  meters  wide,  and  1.0  meter  below  high 
•water.  Here,  as  on  the  Po,  much  greater  top  widths  arc  given  to  levees 
than  is  usual  on  the  Mississipjii. 

Desmond  FitzGerald,  M.  Am.  Soc.  C.  E. — The  writer  of  this  paper 
is  entitled  to  great  credit  for  the  care  and  labor  expended  in  presenting 
to  the  Society  the  results  of  his  researches  into  the  details  of  dike  build- 
ing in  Holland.  It  enforces  the  magnitude  and  variety  of  the  engineer's 
work,  and  the  widely  different  conditions  under  which  it  is  carried  on  in 
different  portions  of  the  globe.  The  principles,  however,  which  under- 
lie all  public  work  are  the  same  the  world  over,  and  must  be  met  in  one 
way  or  another,  or  failure  will  ensue. 

I  notice  in  the  first  place  that  Mr.  Starling  has  called  attention  to  the 
fact  that  slopes  of  less  than  2  to  1  are  considered  unfavorable  for  the 
growth  of  grass  in  the  Netherlands,  and  that  therefore  this  rate  is  pre- 
scribed. This  accords  closely  with  my  own  experience  in  the  case  of  the 
slopes  of  the  embankments  on  the  Sudbury  and  Cochituate  Aqueducts 
of  the  Boston  Water  Works.  I  have  found  it  extremely  difficult  to 
maintain  grass  slopes  on  inclinations  of  li  to  1.  It  is  a  constant  fight 
with  the  elements,  no  matter  what  care  is  used.  On  northerly  exposures 
the  troubles  are  of  one  class,  and  on  southerly  slopes  of  another,  but 
the  final  result  is  pretty  much  the  same. 

The  Boston  Water  Works  has  been  a  fruitful  source  of  experience  in 
the  line  of  earthen  dam  construction  and  of  high  embankments  for  the 
sujjport  of  masonry  structures.  In  regard  to  the  latter,  earth  embank- 
ments have  been  carried  to  a  height  of  nearly  fifty  feet  by  Mr.  Davis 
and  Mr.  Fteley,  with  a  settlement  of  less  than  1  inch,  but  it  is  needless 
to  say  that  they  have  been  built  with  great  care,  of  excellent  gravel, 
rolled  in  thin  layers.  The  dams  have  generally  masonry  cores,  carried 
down  to  the  rock,  or  to  fine  sand  or  other  good  bottom,  at  a  considerable 
depth.  In  a  dam  now  building  we  have  carried  the  concrete  wall  down 
to  rock,  at  a  depth  of  40  feet  in  one  place  below  the  surface.  For 
permanent  work,  whenever  the  damages  from  failure  are  likely  to  be 
great,  or  loss  of  life  comes  into  question,  it  does  not  pay  to  take  any 
risks. 

For  one,  I  jjarticularly  appreciate  the  reference  to  the  practice  of  the 
Dutch  engineers  in  allowing  plenty  of  margin  against  the  upward 
pressure  of  water.  I  have  seen  works  designed  with  an  utter  disregard 
to  this  law.  It  is  no  uncommon  thing  to  see  gate-houses,  for  instance, 
built  with  massive  side  walls  but  with  hardly  any  protection  against 
the  blowing  up  of  the  floors,  and,  perhaps,  it  may  not  be  out  of  place  to 
emjihasize  what  Mr.  Starling  has  so  well  said  on  this  point. 

In  sinking  core  walls  or  jDuddle  trenches  to  considerable  depth,  great 
care  should  be  exercised  not  to  disturb  the  fine  material  in  the  natural 
soil  adjacent  to  the  trenches  ;  in  other  words,  not  to  pump  too  much 


664  DISCUSSION    ON   THE   HOLLAND   DIKES. 

muddy  water;  but  how  this  is  to  be  accomplished  in  many  situations 
may  well  bother  the  engineei-. 

Bolton  W.  Di-CorKCEY,  M.  Am,  Soc.  C.  E.— Mr.  Starling's  "  Notes 
on  the  Holland  Dikes,"  is  most  interesting  reading  for  members  of  the 
profession  in  the  State  of  Washington. 

The  large  area  of  the  "  tide  lands  and  mud  flats"  belonging  to  the 
State  and  soon  to  be  offered  for  sale,  when  properly  reclaimed,  will 
afford  western  Washington  a  large  amount  of  level  acreage  of  the  richest 
alluvial  soil  for  farming  purposes,  and  will  require  a  jjroper  system  of 
dikes,  both  maritime  and  fluvial,  before  it  can  be  made  properly  available. 

On  page  580,  where  Mr.  Starling  speaks  of  tree  protection,  I  would 
like  to  ask  him  if  any  use  has  been  made  of  the  matting  tendency  of  the 
roots  of  the  yellow  or  basket  osier  'i  I  have  seen  them  successfully 
used  in  cases  of  sliding  banks,  also  as  an  excellent  protection  against 
the  erosion  by  currents. 

On  page  582,  regarding  the  ends  of  spurs,  he  says,  "This  is  not  accord- 
ing to  our  practice."  I  would  ask  what  is  the  i^ractice  on  the  Mississippi 
and  which  does  he  consider  the  better  ?  I  would  also  ask  if  the  problem 
to  be  worked  out  by  the  Mississippi  civil  engineers  be  not  more  difficult, 
preservation  and  improvement  of  the  river  navigation  in  that  case  enter- 
ing largely  into  the  question? 

I  was  engaged  on  the  Illinois  Central  Eailroad,  South,  in  1882,  and 
saw  the  floods  in  Mississijipi  and  Kentucky,  and  also  the  high  water  of 
the  following  year,  and  remember  the  diflSculties  entailed  by  the  tre- 
mendous force  and  the  long  duration  of  the  flood. 

The  diking  of  the  mud  flats  of  the  estuary  of  the  Chehalis  Eiver  will 
be  probably  entered  upon  in  the  near  future.  This  is  a  large  estiiary 
with  a  total  rainfall  per  annum  of  5  798  707  200  000  cubic  feet,  completely 
protected  from  evaporation  by  the  densest  growth  of  timber  and  under- 
brush, and  what  may  be  called  a  supersoil  of  partly  decayed  vegetable 
matter  as  porous  as  a  sponge,  in  which  a  person  will  sink  from  18  to  24 
inches  as  he  walks.  In  making  a  reconaissance  of  seventeen  days'  dura- 
tion in  the  autumn  of  1889,  through  the  Olympics,  this  so  retarded 
l^rogress  that  I  found  it  impossible  to  do  better  than  5  miles  per  day. 

The  consequence  is  that  freshets  are  not  great,  but  the  river  carries 
silt  all  the  year  round,  and  what  is  called  Grays  Harbor,  at  the  em- 
bouchure of  the  Chehalis,  is  a  delta,  the  areas  between  the  channels, 
which  are  perfectly  defined  at  low  water,  being  composed  of  this  silt, 
there  being  only  2  to  3  feet  of  water  over  the  greater  portion  at  high 
water.  There  is  a  large  acreage,  which  in  the  memory  of  parties  living- 
near  was  some  years  ago  nothing  but  soft  miid,  acquiring  its  first  coat 
of  grass.  The  proper  diking  of  these  mud  flats  will  concentrate  the 
stream,  and  so  improve  the  navigation.  The  system  for  providing  the 
funds  for  this  improvement  and  the  personnel  of  the  staff  to  be  engaged 
in  the  superintendence  of  the  reclamation,  will  have  to  be  provided,  and 
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it  is  to  be  hoped  that  the  best  talent  and  skill  will  be  procured  for  the 
task. 

From  the  success  secured  in  Florida  by  the  use  of  bituminous  rock 
in  sea  walls,  it  should  be  given  a  good  test  in  maritime  dikes  and 
jetties, 

W.  Howard  White,  M.  Am.  .Soc.  C.  E. — Mr.  Starling's  interesting 
paper  fills  a  considerable  gap  in  the  engineering  literature  of  this 
country. 

From  his  comment  on  the  Dutch  experience  and  maxims  as  to  river 
overflows,  I  judge  that  he  fully  endorses  the  policy  of  confining  the  out- 
flow of  the  Mississippi  to  a  very  limited  number  of  mouths,  and  that  he 
would  certainly  not  advocate  additional  lateral  outlets  above  or  below 
New  Orleans.     His  opinion  on  this  point  would  be  very  interesting. 

I  note  in  the  section  Fig.  8,  page  648,  that  the  curving  upwards  of 
the  sand  under  the  jDcat  seems  to  be  an  oversight.  I  take  it  that  the 
section  in  such  cases  is  rather  as  given  below,  the  sand  being  prevented 


by  the  lateral  pressure  from  taking  as  great  a  slope  as  the  natural  one. 
The  mud  or  peat  being  lighter,  can  flow  or  rise  up,  but  the  sand  being 
the  operating  force,  could  never  run  out  under  the  peat  at  a  flatter  slope 
than  its  natural  one. 

I  take  it  that  the  use  of  banquettes  for  preventing  the  blowing  uja  of 
the  top  stratum  inside  the  dike  must  be  limited  to  cases  where  the  sur- 
face of  the  country  inside  the  dike  is  generally  (viz.,  except  for  short 
l^eriods  of  time)  above  the  water  surface  outside  the  dike. 

Eeferring  to  Mr.  Starling's  Fig.  1,  page  569,  it  seems  evident  that  if  the 
water  surface  were  maintained,  as  shown,  for  a  sufficiently  long  period, 
no  banquette  that  could  be  built,  either  inside  or  out,  would  be  of 
much  utility,  since  the  water  pressure  would  gradually  reach  beyond 
the  banquette,  however  wide,  and  blow  up  the  soil  at  the  first  weak 
point  found.  If  I  am  correct  in  this  view,  it  would  seem  that  the  long 
periods  of  high  water  in  the  Mississipjai  must  be  unfavorable  to  protec- 
tion by  banquettes.  It  would  appear  in  such  cases  that  where  the 
bottom  muck  is  too  deep  to  be  cut  down  to  impervious  bottom  by  a 
puddle  bank,  the  reliance  must  be  on  a  secondary  levee,  such  as  Mr. 
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Starling  describes  on  page  571,  in  which  a  body  of  water  takes  the  place 
of  the  banquette.  Presumably  the  ''sand boils,"  Fig.  6,  page 603,  act  as 
safety  valves  in  such  a  case,  relieving  the  subterranean  jsressure  to  such 
an  extent  as  to  prevent  the  blowing  ujj  of  large  areas. 

An  interesting  question  somewhat  connected  with  the  dike  problem, 
though  really  on  a  different  basis,  is  the  utility  of  berms  on  dam  sloi^es 
as  shown  by  the  full  line,  Fig.  2.  The  argument  for  these  is  that  they 
tend  to  check  slides.    At  least  this  is  the  only  one  I  have  heard .    I  argue 
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that  the  same  material  put  into  the  form  shown  by  the  broken  and  dotted 
line  on  the  right-hand  side  of  Fig.  2  would  be  less  liable  to  slide  and 
therefore  less  liable  to  cause  damage  than  when  the  same  material  was 
formed  into  a  berm,  with  steeper  slopes  above  and  below,  largely  on  the 
principle  that  an  ounce  of  prevention  is  worth  a  pound  of  cure. 

A  slide  takes  place  ordinarily  because  the  material  becomes  suffi- 
ciently saturated  to  make  the  angle  of  repose  flatter  than  it  originally 
was.  Once  started,  it  is  extremely  difficult  to  stop;  first,  because  the 
sliding  of  the  mass  forms  a  more  or  less  smooth  surface  for  the  highest 
material  to  slide  down  on;  second,  because  the  sliding  rubs  off  more 
and  more  material;  and  third,  because  the  removal  of  the  material 
which  has  slid  down  tends  to  still  further  reduce  the  angle  of  repose  by 
the  very  removal  of  the  material  on  top  of  the  sliding  joint.  We  see 
the  reverse  of  this  process  in  the  case  of  the  pressure  against  a  revet- 
ment wall,  where  the  prism  of  pressure  is  only  half  as  large  as  the  mass 
above  the  angle  of  repose. 

The  possible  slides  in  a  dam  with  a  berm  divide  themselves  into  four 
cases:  1st.  When  the  sliding  surface  is  steelier  or  i^arallel  to  the  broken 
and  dotted  line  and  above  the  berm  as  shown  by  AE.  It  is  obvious 
that  in  this  case  the  amended  profile  is  the  best,  since  it  would  be  unaf- 
fected, while  Avith  the  berm  profile  a  good  deal  of  the  crown  Avould  be 
lost,  apart  from  the  danger  that  overloading  the  berm  would  cause  a  slip 
below.  2d.  When  the  sliding  surface  is  flatter  than  the  broken  and 
dotted  line  and  above  the  berm,  as  shown  by  AB.  Here,  the  amended 
profile  still  has  an  advantage,  since  the  part  of  the  dam  removed  by  the 
same  angle  of  slope  would  be  GBK^  which  is  much  less  in  amount.     3d. 
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When  the  sliding  plane  is  steeper  than,  or  parallel  to,  the  amended  slope, 
and  below  the  berm,  as  shown  by  FG.  Here,  the  amended  profile  still 
remains  more  advantageous,  since  no  slide  would  take  place.  4th. 
"When  the  sliding  is  flatter  than  the  amended  slope  and  below  the  berm, 
as  per  FH.  Here,  for  the  first  time,  the  berm  profile  has  an  advantage, 
since  the  sliding  plane  on  the  amended  profile  would  come  inside 
of  FH,  as  shown  by  IJ. 

An  important  factor,  then,  is  in  what  position  slides  generally  occur. 
Since  the  lowering  of  the  water  in  the  reservoir  is  the  most  frequent 
cause  of  such  slides,  it  seems  pretty  certain  that  they  are  mostly  to  be 
expected  in  the  upper  portion  of  the  dam,  which  is  more  frequently  laid 
bare.  It  is  this  portion,  too,  which  is  most  liable  to  the  action  of  frost. 
Hence,  as  I  said  above,  I  see  no  advantage  for  a  reservoir  dam  in  using 
berms  on  the  slopes,  in  preference  to  putting  the  same  amount  of  mate- 
rial into  a  dam. 

J.  T.  Fanning,  M.  Am.  Soc.  C.  E. — Mr.  Starling  says  in  opening  his 
paper,  that  "the  most  remarkable  sea-works  which  he  visited  filled  him 
with  admiration,  but  also  with  despair,  as  there  seemed  hardly  a  possi- 
bility of  ever  being  able  to  imitate  them."  The  alluvial  districts  of 
Holland  until  within  a  few  centuries  represented  the  resultant  of  a  long 
continued  struggle  between  the  rivers  Rhine  and  Meuse  and  the  North 
Sea.  The  power  of  the  rivers  was  steadily  and  persistently  transferring 
the  foot-hills  of  the  Alps  into  the  bed  of  the  sea  and  advancing  the  shore. 
The  sea  as  persistently  dashed  back  the  deposits  or  spread  them  aside. 

Then  came  man  to  possess  and  use  the  delta  lands  thus  formed,  and 
then  began  his  efforts  to  wall  out  the  sea  and  to  confine  the  rivers  in 
their  many  channels.  First  came  the  Batavians,  then  the  Danes,  the 
Normans,  and  then  the  Saxons. 

After  a  moderate  success  in  diking  jaortions  of  the  delta,  there  came 
a  great  storm,  destroying  dikes  and  giving  victory  to  the  waters,  most 
disastrous  to  humanity.  This  victory  was  not  final,  however,  for  then  the 
engineer,  as  a  skilled  designer  and  director,  was  called  to  be  a  leader  in 
the  contest.  The  works  of  the  engineer  in  the  Netherlands  may  well  fill 
a  student  of  them  with  admiration.  He  may  be  conscious  of  the  im- 
jirobability  of  ever  being  able  to  "  imitate  the  most  admirable  of  these 
works,"'  but  if  he  appreciates  their  true  significance  and  receives  their 
broad  teachings,  they  will  be  an  inspiration  when  some  duty,  that  is 
great  to  him,  comes  in  his  way. 

Venice  is  a  city  of  canals,  with  the  sea  flowing  and  ebbing  through  at 
will.  Amsterdam,  on  the  other  hand,  is  a  city  of  canals  with  the  sea 
shut  out,  or  flowing  and  ebbing  only  at  the  pleasure  of  the  engineer. 
Amsterdam  was  at  first  diked  oS"  from  an  arm  of  the  sea,  and  then  it  was 
made  a  crescent  city,  with  concentric  canals  that  admitted  maritime  com- 
merce to  its  heart,  or  permitted  distribution  of  commerce  near  its  cir- 
cumference. 
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The  harbor  of  Amsterdam  was,  later,  shut  off  from  the  Zuider  Zee 
by  a  greater  and  more  admirable  dike,  exposed  to  a  long  reach  and 
powerful  efifect  of  storm  waves.  This  great  Schellingwoude  dike  is  an 
illustration  of  many  of  the  principles  adapted  to  sea-works  which  Mr. 
Starling  has  industriously  compiled  and  presented  in  his  paper.  It  has 
five  locks,  the  largest  of  which  are  adapted  to  sea-going  vessels  of  heavy 
burden  ;  it  has  inflow  and  outflow  sluices  in  admirable  masonries,  and 
steam  pumps  of  modern  design.  This  great  dike  shuts  out  the  eastern 
waters  of  the  sea  and  creates  a  harbor  protected  from  the  waves,  where  a 
multitude  of  ships  and  steamers  lie  at  anchor,  moor  at  wharves,  or  enter 
the  network  of  city  canals  in  safety.  It  is  also  the  eastern  outwork  of 
the  modern  North  Sea  Canal  which  gives  Amsterdam  commercial  jjromi- 
nence  among  Dutch  cities. 

Here,  again,  in  and  near  the  canal  and  its  Ijmuiden  Haven,  many 
principles  which  the  author  has  stated  are  amply  illustrated.  This 
canal,  15  miles  in  length,  extends  westerly  from  Amsterdam  to  the 
North  Sea.  On  either  side  of  the  channel  may  be  seen  canal  embank- 
ments ;  jDolder  levees  ;  railway  and  highway  embankments  ;  canals  for 
internal  commerce  and  travel  and  for  drainage  ;  locks  for  the  entrance 
and  exit  of  craft ;  sluices  for  drainage  and  irrigation  ;  steam  and  wind- 
mill pumps  ;  meers  lying  lower  than  the  ocean  ;  dunes  of  sand  deposited 
by  the  winds  near  the  sea  shore,  and  along  the  shore  a  great  dike  of 
sand  thrown  up  by  the  sea.  At  Ijmuiden  are  locks,  the  greatest  seventy- 
two  feet  in  width,  that  pass  ocean  steamers  as  well  as  coasting  packets 
and  the  fleet  of  fishing  smacks  that  have  quickly  made  Ijmuiden  a  fish 
mart.  These  locks  represent,  in  foundations,  masonries  and  gates,  the 
condensed  hydraulic  experiences  and  skill  of  centuries  in  the  Nether- 
lands. The  locks  are  founded  in  a  broad  and  high  ridge  of  sea-thrown 
sand.  At  Ijmuiden  is  also  an  artificial  haven  made  by  projecting  two 
remarkable  breakwaters,  each  three-quarters  of  a  mile  long,  from  the  sand 
hill  into  the  open  sea. 

This  is  all  a  field  full  of  varied  and  interesting  examples  of  hydraulic 
constructions,  and  the  influence  of  its  teachings  now  shows  in  several 
directions;  for  instance,  in  larger  locks  between  Manchester  and  the 
Mersey  Inlet,  and  at  our  own  Sault  Ste.  Marie  between  the  lakes. 

The  Haarlem-mer  Meer  Polder  extends  nearly  to  the  North  Sea 
Canal,  and  is  seen  on  the  left  of  the  railway  from  Amsterdam  to  Haar- 
lem. This  polder  has,  perhaps,  a  larger  place  in  the  imagination  of  the 
American  schoolboy  than  any  other  of  the  wonders  of  the  Netherlands. 
He  has  read  of  the  great  lake  of  70  square  miles  area  that  was  sur- 
rounded with  dike  and  canal  and  drained  by  three  enormoiis  pumj^s 
working  nearly  three  years  continuously,  a  half  centui'y  ago,  and  of 
farms  and  homes  thus  made  for  ten  thousand  people. 

The  descrii^tion  of  the  first  of  these  great  steam  pumping  engines, 
with  its  largest  steam  cylinder  12  feet  in  diameter  and  smaller  steam 
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cylinder  7  feet  in  diameter,  with  10-foot  stroke,  and  the  eleven  great 
pumps  arranged  in  a  circle  around,  and  all  worked  by  this  one  engine, 
has  often  excited  the  interest  of  young  mechanicians,  as  they  have  read 
that  these  pumj^s  could  lift  G3  tons  or  nearly  17  000  gallons  of  water 
per  stroke  out  of  the  polder  drain.  The  writer,  when  in  Holland,  re- 
membered that  when  the  sea  broke  into  the  lands  now  forming  this 
13older,  it  washed  as  far  as  the  rear  sluices  of  Amsterdam  on  one  hand 
and  Haarlem  on  the  other,  and  endangered  those  cities.  Naturally,  he 
inferred  that  the  famous  "  Leeghwater  "  pump  must  still  be  an  object 
of  interest  among  the  generation  it  had  protected.  Alas!  on  diligent  in- 
quiry in  a  leading  hotel  in  Amsterdam  for  directions  to  reach  the  "  Leegh- 
water," no  one  connected  with  the  hostelry  had  seen  it  or  could  tell 
where  it  was  located.  Soon  after,  in  the  City  of  Haarlem,  inquiry  was 
again  made  for  the  Leeghwater  machine,  first  of  several  merchants  near 
the  railway  station  and  then  at  the  hotel,  with  fruitless  results  for  a 
time;  but  at  last,  a  guide  was  found  who  had  once  taken  a  party  to  a 
great  steam  pump  some  miles  distant  in  the  meer.  This  machine  proved 
to  be  one  of  the  two  mates  of  the  Leeghwater,  the  "Cruquis."  These 
three  ponderous  pumj^ing  machines  are  at  separated  points  in  the  cir- 
cumference of  the  meer,  the  Leeghwater  being  in  the  south,  the  Cruquis 
on  the  west,  near  Haarlem,  and  the  "Van  Lynden  "  on  the  east. 

Had  Mr.  Starling  referred  the  "desj^air,"  mentioned  in  the  opening 
of  this  paper,  to  his  hopes  of  gathering  in  a  foreign  land  so  much  valu- 
able technical  information  as  he  has  presented  to  us,  he  would  have 
touched  many  a  sympathetic  chord  among  those  who  have  tried  with 
less  success.  Undoubtedly  he  could  often  give  to  those  of  whom  he  in- 
quired more  of  the  history  of  the  specialties  he  went  to  study  than  they 
could  give  to  him.  This  monograph  will,  next  to  the  personal  inspection 
and  study  of  the  interesting  hydraulic  works  of  the  Netherlands,  be  rich 
in  instruction,  suggestion  and  insjiiration  to  the  engineers  who  have  to 
direct  works  of  importance  such  as  are  now  frequently  projected  in 
America. 

We  still  have  opportunities  for  the  best  efforts  in  confining  the  Mis- 
sissippi Eiver  floods  and  adapting  the  river  channels  to  commercial 
needs;  checking  the  meanderings  of  the  Missouri  Eiver  back  and  forth 
across  its  broad  valleys;  deepening  the  channels  and  constructing  locks 
between  our  great  lakes,  and  between  the  lakes  and  the  ocean;  trans- 
porting commerce  between  our  Gulf  and  the  Pacific,  the  Bay  of  Fundy 
and  the  St.  Lawrence,  and  other  equally  grand  works,  for  which  this 
monograph  offers  suggestions  in  preliminary  studies. 

The  surprising  extent  and  success  of  the  difficult  hydraulic  works  ac- 
complished in  Holland  may  give  us  courage  in  iDrojecting,  and  our  capital 
confidence  in  aiding,  great  works  that  will  be  of  much  benefit,  as  it  is 
now  giving  Dutch  engineers  and  capital,  courage  to  project  the  reclama- 
tion of  700  square  miles  additional  of  the  shallow  Zuider  Zee.     The  les- 
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son  for  us  in  this  monograph  is  not  only  how  dikes  and  sluices  are  made 
in  Holland,  but  that  these  dikes  and  sluices,  in  their  best  forms,  are  the 
summations  of  thoughtful,  earnest  experience  of  several  centuries  in 
works  whose  failures,  if  they  fail,  lead  to  dire  disasters.  The  monograph 
teaches  also  that  the  rolls  of  the  storm  wave  and  the  floods  of  the  river 
may  be  stayed  and  guided  by  "mud"  if  the  mud  be  "mixed  with 
brains." 

Mr.  Starling  closes  with  the  Dutch  saying:  "  God  made  the  sea  and 
man  made  the  land."  The  impression  comes  to  a  studious  examiner  of 
these  lowland  hydraulics,  that  God  has  there  permitted  the  powers  of  the 
river  and  of  the  sea  to  long  struggle  together,  and  then  has  permitted 
the  learned  skill  of  the  engineer  to  overcome  them  both  and  take  the 
spoils,  which  are  the  Netherlands. 

Henky  B.  Richardson,  M.  Am.  Soc.  C.  E.— Mr.  Starling,  in  this 
paper,  has  given  the  Society  a  condensed  body  of  information  relative 
to  the  dikes  of  Holland,  checked  by  personal  observation,  which  cannot 
fail  to  interest  the  profession,  and  to  be  of  special  service  to  those  of  us 
who  are  occupied  with  similar  constructions. 

The  Dutch  earthworks,  designed  for  protection  against  inundation 
by  river  floods,  apj^ear  to  closely  resemble  in  all  material  features  the 
levees  of  this  country  on  the  lower  Mississippi  and  its  tributary  and 
effluent  streams.  The  form  and  proportions  of  the  sections  used  under 
like  conditions,  the  character  of  the  material  entering  into  their  struct- 
ure, and  the  dangers  and  defects  that  threaten  their  integrity,  seem  to 
differ  less  than  the  climates  and  customs  of  the  countries  they  serve  to 
defend.  In  both  countries  the  systems  of  dikes  and  levees  ai"e  plainly 
evolutions  from  small  beginnings — probably  as  yet  not  fully  developed 
in  either. 

Some  of  the  most  obvious  points  of  difference  seem  to  be  the  follow- 
ing :  (1)  In  form  of  section  and  proportions,  the  Dutch  works  have 
generally  wider  crowns  than  ours — presumably  due  to  the  longer  time 
during  which  additions  to  their  width,  or  general  enlai'gements  of  sec- 
tion, have  been  carried  on.  A  large  and  increasing  proportion  of  the 
levee  work  on  the  Mississijipi  River  for  the  past  six  or  eight  years  has 
been  the  enlargement  of  cross  section,  involving  width  of  crown  as  well 
as  other  dimensions,  so  that  in  course  of  time  it  is  probable  that  the 
Avidth  of  the  Mississippi  levees  may  become  as  great  as  those  of  the  Dutch 
levees. 

The  digging  of  "  muck  ditches  "  of  some  sort,  as  Mr.  Starling  notes 
— though  not  greatly  favored  by  the  Dutch  engineers — is  an  almost  in- 
variable practice  in  the  construction  of  levees  on  the  Mississippi. 

They  are  of  undoubted  service  in  cutting  off  roots  and  minor  sub- 
surface cavities  caused  by  decayed  roots  or  by  burrowing  animals,  and 
their  omission  under  any  levee  would  be  regarded  with  astonishment  and 
alarm  by  most  of  the  "  oldest  inhabitants  "  of  the  Mississippi  Valley — 
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who,  by  the  way,  are  mostly  hydraulic  engineers  of  the  practical  school, 
with  whom  the  "  muck  ditch  "  is  a  cherished  institution — "  tongueing 
and  grooving,"  as  it  were,  the  levee  to  the  solid  earth,  and  among  whom 
there  is  a  prevalent  belief  that  in  Holland  they  cut  their  "  muck  ditches  " 
at  least  as  deep  as  the  levee  is  high. 

But  it  is  not  always  apjiarent  that  such  ditches  as  are  usual — say,  3 
feet  deep — have  any  appreciable  effect  in  cutting  off  "  sipe-water,"  which 
always,  to  a  greater  or  less  extent,  filters  through  the  natural  pores  of 
the  soil- and  it  has  not  been  observed,  in  Louisiana  at  least,  that  in  the 
few  cases  where  much  deeper  ditches — say  10  feet  and  over — have  been 
cut  and  carefully  filled  with  fairly  good  puddling  earth,  that  the  total 
"sipe-water"  was  materially  reduced,  though  it  might  show  itself  some- 
what further  away  from  the  levee.  But  in  numerous  cases  where  old 
levees,  dangerously  leaky  from  perforations  of  burrowing  animals,  have 
had  a  muck  ditch  of  ordinary  dimensions  cut  along  the  foot  of  their 
front  slopes,  and  have  then  been  enlarged  on  that  side  so  as  to  cover  the 
ditch  with  the  earth  of  the  new  section,  the  trouble  has  generally  been 
reduced  to  insignificance,  if  not  completely  cured. 

(2)  In  the  character  of  the  material  of  which  dikes  and  levees  are 
constructed,  it  would  appear  that  little  difference  exists  in  the  earth 
near  at  hand,  of  which  they  must  be  mostly  formed,  except  that  true 
clay  is  jDerhaps  of  more  frequent  occurrence  in  Holland  than  here,  and 
that  the  Dutch  have  peat  bogs  to  contend  with,  which  are  not  to  be 
found  in  the  valley  of  the  lower  Mississippi.  Those  parts  of  the  structure 
that  consist  of  a  protective  covering  of  the  earthen  embankment,  are 
naturally  more  elaborate  ia  Holland  than  in  this  country,  where  the  use 
of  stone  and  brick  for  revetment  has  never  been  attempted — presumably 
on  account  of  their  larger  first  cost,  and  of  the  fact  that  few  levees  here 
are  yet  considered  in  such  a  state  of  completion  that  it  is  not  expected 
they  will  at  some  time  be  further  enlarged  and  improved.  To  undertake 
iQ  this  country,  and  upon  levees  which,  within  a  few  years,  it  is  expected 
to  enlarge  and  regrade,  such  careful  and  costly  work  in  straw,  brick  and 
stone,  as  is  applied  by  the  Dutch  to  many  of  their  embankments,  would 
l^lainly  be  uneconomical,  and  the  less  expensive — if  also  less  durable — 
wooden  revetments  in  use  here,  are,  perhaps,  under  the  circumstances, 
better  adaptations  of  means  to  ends  than  could  be  effected  with  less  perish- 
able materials. 

(3)  There  seems  to  be  a  greater  difference  between  the  kinds  of 
danger — if  not  in  their  degree — to  which  the  river  dikes  of  Holland  on 
the  one  hand,  and  the  levees  of  the  lower  Mississippi  Valley  ou  the  other, 
are  subjected,  than  in  almost  any  other  aspect  in  which  they  can  be  com- 
l^ared  or  contrasted;  in  fact,  so  gx'eat  a  difference  in  one  jjarticular — at 
least  so  far  as  stated  in  this  paper — that  it  is  to  be  wondered  at  that  the 
author  has  failed  to  give  it  special  notice. 

Of  the  many  dangers  that  menace  the  integrity  and  efiiciency  of  levees 
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in  the  lower  Mississippi  Valley,  no  one  will  deny  that  the  tunneling 
operations  of  the  various  burrowing  animals  whose  habitat  is  there, 
are  among  the  most  persistent  and  difficult  to  deal  with.  The  cray- 
fish, the  fiddler-crab,  the  musk-rat,  and  sometimes  the  beaver  and  two 
or  three  other  rarer  burrowers,  are  certainly  to  be  held  responsible  for 
great  numbers  of  leaky  places  in  and  under  the  levees  of  the  lower  Mis- 
sissippi, and  several  disastrous  crevasses  have  been  caused  by  theii* 
mining  work.  No  doubt  they  have  been  charged  at  times  with  evil  acts 
of  which  they  may  be  innocent;  but  there  are  evidences  enough  that 
they  should  be  classed  among  the  dangerous  and  suspicious  classes.  If 
such  pests  are  not  to  be  found  infesting  the  Dutch  embankments,  these 
are  surely  exempt  from  one  of  the  perils  which  constantly  threaten  some 
of  the  dikes  of  this  country. 

In  another  respect  the  Dutch  seem  to  be  fortunate.  The  rivers  of 
the  Netherlands  evidently  do  not  eat  away  their  banks  in  such  an  enor- 
mous and  insatiable  way  as  does  the  Mississij^pi,  and  their  appetites  in 
that  direction  are  more  easily  restrained  than  that  of  the  Father  of 
Waters.  Hence,  with  them,  the  necessity  of  falling  back  to  new  loca- 
tions with  the  lines  of  levees  is  less  frequent  and  less  in  amount  than 
in  this  country.  A  few  years  ago  official  records  showed  that  three- 
fourths  of  the  levee  work  done  in  Louisiana,  within  the  previous  seven 
years,  had  become  necessary  on  account  of  caving  river  banks,  which 
required  levee  lines  to  be  moved  to  new  locations.  The  necessity  for 
such  extensive  changes  of  location  from  this  cause  is  undoubtedly  rare 
in  Holland,  and  it  should  be  added,  is  becoming  less  frequent  on  the 
Mississippi,  though  the  causes  that  may  require  it  are  still  active  in 
most  concave  bends  of  the  stream. 

Mr.  Starling  has  noted  the  great  peril  caused  to  the  Dutch  river 
dikes  by  ice  and  ice  gorges,  and  the  fact  that  danger  from  this  caiise  is 
unknown  in  the  lower  Mississipiai  Valley. 

As  regards  the  dangers  due  to  soft  foundations,  and  loose  and  porous 
"underground,"  it  would  appear  that  on  account  of  the  numerous 
heavy  dikes  built  across  old  channels  in  Holland,  the  Dutch  have  prob- 
ably had  more  difficulties,  from  the  sinking  and  displacement  of  founda- 
tions, to  contend  with  than  have  been  encountered  in  this  country,  and  it 
is  instructive  and  encouraging  to  find  that  the  experience  of  their  engi- 
neers has  led  to  greater  reliance  in  such  cases  ui^on  earth  and  earth 
alone,  which  is  in  accordance  with  the  general  practice  here,  rather 
than  upon  grillages  of  fascine  work  or  like  devices. 

A  precaiation  that  should  tend  to  diminish  or  utilize  even  the  dis- 
placement of  soft  material  underlying  the  site  of  heavy  embankments, 
that  seems  worth  taking,  though  often  neglected,  to  their  cost,  by  con- 
tractors, is  to  begin  the  bank  in  two  parallel  and  separate  lines  near  the 
edges  of  the  base  as  designed  for  the  main  embankment.  By  this  means 
a  part  of  the  displacements  set  up  in  each  direction  from  the  two  banks. 
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as  begun,  will  meet  in  the  middle  of  the  main  embankment,  and,  for 
the  time  at  least,  become  either  neutral,  or  only  upward,  in  a  useful 
direction. 

The  dangers  resulting  from  pressure  transmitted  through  loose  and 
porous  soils  underlying  tougher  and  less  pervious  strata,  as  illustrated 
by  Fig.  1  of  this  paper,  have  not  heretofore  been  generally  considered 
by  the  levee  builders  in  the  Mississippi  Valley  of  such  a  threatening 
and  alarming  character  as  it  appears,  from  the  extraordinary  precautions 
taken  against  them  by  the  Dutch,  they  are  regarded  in  Holland.  Were 
it  not  that  the  author  states  that  five  breaks,  which  took  place  in  1890  in 
one  levee  district  of  the  State  of  Mississippi,  are  believed  to  have  been 
due  to  this,  it  might,  so  far  as  previous  recorded  experience  goes,  be 
supposed  a  danger  almost  confined  to  the  Netherlands. 

It  is  true  that  opportunities  for  accurate  determination  of  the  imme- 
diate causes  of  crevasses  are  somewhat  rare.  Those  breaks  that  occur 
unexpectedly  in  levees  that  have  previously  presented  a  safe  and  sound 
external  aj^pearance,  are  not  often  seen  at  the  instant  they  break  out, 
and  usually  they  cannot  run  very  long  without  so  washing  out  the  adja- 
cent soil  and  flooding  their  entire  surroundings,  as  to  leave  few  visible 
indications  of  the  causes  producing  them.  It  may,  therefore,  be  pos- 
sible that  many  breaks  in  levees  have  been  due  to  this  cause  which  have 
been  attributed  to  other  causes,  or  recorded  as  of  unknown  origin;  but 
it  may  be  stated  that  in  the  official  records  of  the  jjast  quarter  century 
relative  to  the  hundreds  of  crevasses  that  have  occurred  in  the  levees 
of  Louisiana,  there  is  no  mention  or  indication  of  the  "  blowing  up"  of 
a  sui^erficial  layer  of  strong  soil  by  pressure  transmitted  through  or  by 
an  underlying  weak  soil.  We  may  conceive  an  experimental  illustra- 
tion where  an  enclosed  sand  filter  having  its  discharge  orifice  covered 
with  a  tough  integument,  is  put  under  pressure  till  the  tension  on  the 
covering  membrane  is  sufficient  to  cause  rupture.  But  in  such  an 
experiment  we  should  hardly  expect  to  see  the  sand  blown  out  also, 
to  any  such  extent  as  to  produce  a  free  flow  of  water;  that  is,  to  have 
the  explosion  of  the  membrane  followed  or  accompanied  by  a  crevasse 
in  the  sand  behind  it. 

That  such  dangers  as  the  author  describes  are  possible  must  be  ad- 
mitted; but  in  the  absence  of  direct  proof  that  such  "blow-ups"  have 
occurred  from  pressure  transmitted  by  semi-fluid  soils,  or  by  water 
pressure  through  the  natural  interstices  of  the  soil,  is  it  not  a  more 
reasonable  hypothesis  that  in  cases  where  such  "  blow-ups  "  have  seemed 
to  show  themselves,  the  pressure  that  produced  them  has  been  trans- 
mitted directly  through  some  vacancy  or  conduit  of  larger  calibre  than 
the  pores,  or  natural  voids,  in  any  kind  of  earth? 

However,  if  the  danger  exists,  it  should  be  guarded  against;  and  the 
method  employed  in  Holland  of  building  inner  berms  or  banquettes 
seems  to  afford  at  least  a  palliative  remedy  and  is  to  be  commended.    In 
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Louisiana  it  has  long  been  the  practice  to  build  such  banquettes  across 
all  considerable  slough  bayous  and  other  undrained  depressions.  They 
have  perhaps  "  builded  wiser  than  they  knew  ";  but  it  is  not  supposed 
by  anybody  that  these  structures  were  intended  by  their  designers  to 
meet  exactly  the  same  dangers  for  which  it  seems  they  are  used  in 
Holland, 

The  Dutch  have  unquestionably  greater  difficulties  to  overcome  in 
reclaiming  their  country  from  the  sea  and  in  its  protection  against  river 
floods  than  will  ever  be  encountered  in  the  protection  of  the  valley  of 
the  Mississijjpi  from  overflow,  but  the  situation  and  the  oj^ijortunities 
for  reclamation  of  both  are  sufiiciently  similar  to  make  the  methods  and 
exj)erience  of  the  older  country  most  interesting  and  instructive  to  those 
engaged  in  like  undertakings  in  the  younger.  Our  thanks  are  due  to 
Mr.  Starling  for  the  carefully  selected  practical  details  of  the  Dutch 
practice  as  presented  in  this  paper. 

Aethur  Hidee,  M.  Am.  Soc.  C.  E.— The  elaborate  description  of  the 
dike  work  in  Holland  presented  by  Mr,  Starling,  is  of  great  interest, 
especially  to  those  engaged  in  levee  construction  along  the  Mississippi 
River,  where  the  conditions  are  somewhat  analogous.  All  the  engineers 
engaged  in  this  particular  line  of  work  are  greatly  indebted  to  him  for 
his  carefully  prejiared  and  complete  description  of  these  interesting 
works,  the  experience  and  methods  in  use  there  in  many  cases  being- 
very  similar  to  our  own. 

In  comparing  the  methods  of  the  Dutch  in  dike  work  with  the  present 
practice  of  levee  building  on  the  Mississippi  River,  there  seems  to  be  a 
difference  of  ojjinion  among  the  engineers  in  Holland,  as  well  as  those 
engaged  in  similar  work  on  the  Mississipj^i — this  is  the  value  and 
necessity  of  an  interior  core  of  earth  or  "muck  ditch  "  below  the  natural 
surface  of  the  ground  tinder  the  base  of  the  levee.  The  almost  universal 
practice  for  years  on  the  Mississippi  has  been  the  construction  of  these 
ditches  in  all  new  levees;  they  have  been  made  of  varying  dimensions, 
from  3  feet  on  the  bottom  and  3  feet  deep  with  side  slopes  1  to  1,  to  the 
size  stated  in  the  original  i3aper  of  6  feet  on  the  bottom,  6  feet  deeji  and 
side  slopes  *  to  1,  and  even  larger. 

Before  discussing  the  merits  of  this  ditch  as  an  additional  safeguard 
to  the  stability  of  the  embankment  itself,  the  nature  and  condition  of 
the  soil  upon  which  the  levee  rests,  as  well  as  the  method  of  its  con- 
struction, should  be  understood.  The  soil  is  alluvial,  and  is  composed 
of  layers  of  sandy  loam,  sand,  clay  and  silt  of  different  degrees  of 
tenacity  and  porosity;  these  layers  vary  in  thickness  from  2  to  25  feet  or 
more,  and  occur  in  irregular  order;  at  some  jjoints  the  top  layer  is  sand, 
at  others  clay  or  silt,  the  relative  position  of  the  layers  depending  on 
locality.  As  a  general  thing,  the  lighter  strata,  sandy  loam  and  sand,  are 
found  on  the  highest  grounds,  or  "  ridges,"  as  they  are  termed,  and  the 
denser  clay  and  silt  in  the  swamps  and  low  ground.     As  a  matter  of 
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economy,  the  ridges  are  generally  selected  as  the  locations  for  the  levees 
wherever  practicable,  and  the  result  is  that  the  levee  is  frequently  upon 
an  underlying  stratum  of  extreme  porosity  which  is  several  feet  in 
thickness. 

The  present  method  of  levee  construction  usually  followed  is,  briefly: 
first,  to  clear  the  base  of  all  undergrowth  and  trees,  grub  out  the  stumps 
and  roots,  plow  the  base  of  the  levee,  dig  the  muck  ditch,  and  refill  it  even 
with  the  surface  of  the  ground  with  the  best  material  at  hand,  preferably 
by  the  use  of  teams  and  scrapers,  and  then  complete  the  embankment  to 
grade  either  with  wheelbarrows  or  scrapers;  no  particular  care  being 
taken  to  build  it  up  in  layers,  or  to  compact  it  more  than  would  occur 
by  teams  passing  to  and  fro.  The  embankment  is  then  sodded  with 
tufts  of  Bermuda  grass  2  feet  aj^art.  The  section  for  levees  of  heights 
not  exceeding  15  feet  now  generally  adopted  is  8  feet  crown,  side  slopes 
3  to  1.  In  the  older  levees  no  effort  was  made  to  grub  out  the  stumps; 
they  were  cut  oflf  at  a  convenient  height  and  left  standing. 

The  utility  and  necessity  of  an  interior  core  or  "  muck  ditch,"  where 
the  top  stratum  is  of  clay  of  any  considerable  thickness,  is  questionable; 
the  fact  that  the  stratum  of  clay  itself  is  impervious  to  water  and  reaches 
far  below  the  interior  core,  would  seem  to  indicate  that  the  digging  of 
the  ditch  would  be  unnecessary.  Again,  where  the  top  stratum  is  of 
sand,  the  building  of  a  core  6  feet  or  less  in  depth  of  clay  into  a  layer  of 
sand  which  perhaps  extends  20  feet  or  more  below  it,  would  have  little 
effect  in  25reventing  leakage  due  to  hydrostatic  pressure.  Instances  are 
common  where  driven  wells  taking  water  30  to  35  feet  below  the  surface 
become  flowing  wells  during  high  water.  A  levee  line  of  4  miles  in 
length  is  now  being  repaired,  built  a  few  years  ago  with  the  usual  muck 
ditch,  the  foundation  of  which  is  about  8  feet  of  loam  and  clay,  below 
this  a  layer  of  about  3  feet  of  sand,  then  again  a  layer  of  clay.  This 
levee  was  considered  dangerous,  as  "  sand  boils,"  some  of  them  of  large 
dimensions,  developed  on  the  land  side,  being  more  frequently  close  to 
the  base,  and  occasionally  as  far  as  150  feet  beyond.  Innumerable  other 
instances  could  be  cited  where  the  "muck  ditch"  failed  to  prevent  leak- 
age. 

Another  fact  that  renders  the  construction  of  these  ditches  expensive 
or  inefficient  in  many  locations,  is  the  difficulty  of  getting  proper  ma- 
terial with  which  to  fill  them.  On  sandy  locations  there  is  frequently  no 
suitable  material  to  be  obtained  nearer  than  a  mile  or  more  and  the  result 
is  that  the  best  of  the  material  close  at  hand  is  used,  or  that  the  expense  of 
this  particular  part  of  the  work  is  increased  from  200  to  300  per  cent. 
Usually,  the  best  of  the  material  close  at  hand  is  used,  but  this  is  often  ill 
adapted  to  the  purpose.  It  is  admitted  that  where  the  ditch  is  properly 
constructed  of  good  material  and  extends  through  porous  ground  into  a 
thick  stratum  of  clay,  it  is  a  desirable  adjunct  to  the  stability  of  the  levee, 
as  well  as  the  most  economical  method  of  preventing  leakage,  but  it  is 
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believed  the  instances,  taking  the  whole  line  of  Mississippi  levees,  are 
few  where  these  conditions  exist. 

The  practice  of  adding  banquettes  to  the  Mississippi  levees  to  give 
additional  security  on  weak  and  bad  foundations  has  not  been  nearly  so 
generally  followed  here  as  in  Holland,  although  within  the  past  two  or 
three  years  this  method  has  come  into  more  favor.  From  an  observa- 
tion of  several  years,  it  appears  that  the  addition  of  a  banquette  20  feet 
or  more  wide  to  the  land  side  of  all  levees  of  over  6  feet  in  height,  would 
alibrd  greater  security  than  the  construction  of  the  "  muck  ditch,"  which 
under  the  peculiar  conditions  of  the  soil  is  of  doubtful  utility  for  the 
purpose  intended,  the  cost  of  the  "muck  ditch"  as  now  constructed 
should  be  put  into  the  banquette.  In  exceptional  cases  the  "muck  ditch  " 
might  be  used  to  advantage.  This  would  afford  a  larger  section  where 
most  needed,  preventing  sipage  and  leakage  near  the  base,  and  the  danger 
of  sloughing  off  of  the  back  slojse,  which  occurs  often  when  the  levees 
have  become  saturated  after  the  water  has  stood  against  them  for  a  long 
period.  The  additional  earth  would  reduce  the  danger  from  percolation 
and  sipage  of  water  through  the  levee  near  the  base,  and  the  added 
weight  of  the  banquette  would  overcome  the  tendency  of  the  water  to  force 
its  way  up  on  the  inside  near  the  base,  due  to  the  head  on  the  other  side. 
The  banquette  would  afford  a  roadway  at  all  seasons  of  the  year  without 
injury  to  the  main  levee,  an  important  consideration  during  high  water, 
when  the  surface  roads  due  to  sipe  water  are  j^ractically  impassable  to 
vehicles. 

The  cost  of  adding  a  banquette  20  feet  in  width  to  the  main  levee 
with  8  feet  crown,  front  slope  3  to  1,  back  slope  2  to  1 — compared 
with  one  of  standard  section  mentioned  above — would  be: 
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It  will  be  seen  that  for  levees  up  to  12  feet  in  height  the  cost  would 
be  somewhat  less;  between  12  and  20  feet  in  height,  from  1  to  2 percent, 
greater  (putting  the  cost  per  cubic  yards  of  the  muck  ditch  the  same 
as  the  embankment  in  the  levee  isroper),  but  in  practice  the  muck 
ditch  is  more  expensive,  so  that  really  there  would  be  no  addition  to  the 
cost  by  the  change. 

It  is  believed  that  the  modifications  suggested  would  add  to  the  sta- 
bility of  the  levees  and  reduce  the  danger  of  crevasses.  What  the  levees 
generally  need  is  "more  dirt." 
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J.  Francis  Le  Bakon,  M.  Am.  Soc.  C.  E.  —I  have  read  with  a  great 
deal  of  pleasure  the  very  full  and  interesting  paper  on  the  "Holland 
Dikes,"  by  our  esteemed  member,  Mr.  Starling.  This  is  a  subject  of 
much  interest  to  engineers  in  many  parts  of  this  country,  and  especially 
in  Florida  and  Georgia. 

In  those  two  States  some  beginnings  have  been  made  in  reclaiming 
large  tracts  of  swamp  lands  and  many  more  projects  are  receiving  atten- 
tion. There  are  vast  areas  in  both  States  which  if  properly  drained 
and  diked  will  be  rendered  the  richest  and  most  valuable  lands  now 
covered  by  water.  I  have  lately  been  employed  as  consulting  engineer, 
in  preparing  designs  and  formulating  plans  for  the  reclamation  of  the 
great  Okefinokee  Swamp,  in  Georgia,  and  also  the  Holpati  Saw  Grass, 
situated  at  the  source  of  the  St.  John's  River,  in  Florida. 

Okefinokee  Swamp  comprises  an  area  of  676.35  square  miles,  and 
the  swami)  and  water  shed  together  is  1  262  square  miles.  It  is  the 
source  of  the  Suwanee  and  the  St.  Mary's  rivers.  The  lowest  i^art  of 
the  swamp  is  107.5  feet,  and  on  the  northern  and  eastern  edges  it  is  125 
feet  above  the  sea. 

It  is  proposed  to  drain  this  swamp  into  the  St.  Mary's  Eiver,  and  the 
work  is  now  in  actual  progress.  The  swamp  being  some  10  to  15  feet 
higher  on  the  edges  than  in  the  center,  it  is  possible  to  drain  a  large 
230rtion,  about  one-third  of  it,  eastward  into  the  St.  Mary's  River,  with- 
out drawing  oflf  the  water  from  the  center,  which  can  be  drained  into  the 
Suwanee  Eiver,  or  later  the  whole  swamp  can  be  drained  into  the  St. 
Mary's  River  by  simply  deepening  the  canal,  provided  the  drainage  of 
the  first  portion,  which  is  now  being  done,  proves  a  success,  and  the 
fertility  of  the  soil  sustains  the  expectations  of  the  projectors. 

This  swamp  contains  a  large  amount  of  valuable  cedar  and  cypress 
timber,  and  the  projectors  desired  to  so  arrange  the  effluent  canal  that 
this  timber  could  be  floated  out  and  return  a  profit,  long  before  the  land 
could  be  made  available  for  cultivation. 

The  swamp  is  bounded  on  the  eastern  side  or  toward  the  St.  Mary's 
River  by  a  rim  of  sandy  land,  underlaid  with  clay  at  about  10  to  15  feet, 
and  there  are  some  half  dozen  small  branches,  tributary  to  the  St. 
Mary's  River,  that  take  their  rise  in  the  eastern  base  of  this  enclosing 
rim  or  mound. 

The  St.  Mary's  and  the  Suwanee  both  issue  from  the  southern 
edge  of  the  swamp,  and  the  first  named  swings  round  and  runs  almost 
due  north  for  about  33  miles,  nearly  parallel  to  the  eastern  edge  of  the 
swamp,  until  about  opposite  its  northern  quarter,  when  it  turns 
abruptly  eastward  and  flows  into  Cumberland  Sound.  By  cutting  the 
canal  through  this  surrounding  rim,  nearly  east  into  the  St.  Mary's,  the 
distance  is  found  to  be  6.98  miles.  If  the  drainage  of  the  swamp  was 
the  only  object,  the  effluent  canal  would  naturally  be  located  through 
the  narrowest  part  of  the  ridge  into  one  of  the  several  creeks  before  men- 
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tionecl,  which  would  carry  the  drainage  into  the  St.  Mary's;  but  as  it  is 

desired  to  float  out  the  logs  as  well  and  deliver  them  in  the  St.  Mary's 

River,  this  location  was  found  impracticable,  as  the  creeks  are  all  quite 

crooked  and  have  very  little  fall,  and  the  work  required  to  straighten 

and  clear  them  out  so  as  to  form  a  clear  channel  for  the  logs  would 

have  been  very  expensive.     Furthermore,  these  creeks  having  so  slight 

a.  fall   for  a  long  distance  from  their  mouth,  there  would  have  been 

too  feeble  a  current  to  carry  the  logs  or  prevent  the  deposit  of  sediment. 

It  was  therefore  considered  advisable  to  locate  the  effluent  canal  on 

as  true  a  grade  from  the  swamp  to  the  river  as  the  nature  of  the  ground 

would  admit,  and  it  was  decided  to  locate  it  on  the  summit  of  the  ridge 

or  water  shed  between  two  of  the  nearly  parallel  creeks,  and  through 

this  a  gi'ade  was  established  of  5  feet  per  mile.     Thence  a  grade  of  33 

feet  per  mile  for  1^  miles,  and  from  that  point  to  the  river  a  grade  of  12.2 

feet  per  mile  were  secured.     These  grades  would  give  a  strong  current 

1 
computed  by  Hagen's  formula,  V  =  2A25  R^  J|- (meters)  of  10.77  feet 

per  second   for    the  steepest   part,  and   6.55  feet  per  second   for  the 

remainder  to  the  river,  which  would  allow  of  the  delivery  of  1  440  logs 

per  hour  in  the  St.  Mary's. 

The  bottom  of  this  swamp  is  found  to  consist  of  5  to  7  feet  of  rich 
vegetable  mould,  somewhat  peaty,  and  below  this  a  stratum  of  sand  and 
then  clay.  The  dip  of  the  swamp  appears  to  be  about  1  foot  per  mile, 
falling  from  the  river  toward  the  center. 

Feed  gates  for  regulating  the  discharge  are  provided  at  the  mouth  of 
the  canal  where  it  leaves  the  swamp.  Hagen's  formula  for  V  has  been 
tested  very  carefully  on  the  Seine  and  Memel  rivers,  and  found  to  be 
more  nearly  correct  for  such  rivers  than  even  Kutter's. 

By  constructing  a  flume  4  X  4  feet,  3  i  miles  long,  to  the  St.  Mary's 
River,  on  trestles,  at  a  cost  of  about  $30  000,  we  have  available  a  water 
power  of  over  6  500  horse-power,  by  means  of  which  the  logs  can  be  sawn 
into  lumber  as  fast  as  delivered  by  the  canal.  Of  course,  a  much  larger 
flume  might  be  made,  and  the  horse-j^ower  increased. 

The  Holpati  Saw  Grass  is  an  impassable  morass  of  112  000  acres, 
elevated  22  feet  above  the  tide-water  in  Indian  River,  a  salt-water  lagoon 
on  the  east  coast  of  Florida.  The  soil  consists  of  black,  rich  muck, 
about  14  to  18  feet  deep.  The  drainage  of  this  immense  tract  is  now 
entirely  by  the  St.  John's  River,  but  it  is  proposed  to  cut  the  effluent 
canal  east  into  the  San  Sebastian  River,  which  flows  into  the  Indian 
River.  The  St.  John's  River  flows  over  240  miles  in  a  direct  line,  and 
probably  over  450  milts  by  the  sinuosities  of  the  course,  to  fall  22  feet 
to  its  outlet  in  the  Atlantic.  There  is  no  elevated  ridge  of  more  than  a 
few  feet  surrounding  this  morass,  and  the  length  of  the  effluent  canal 
will  be  18  miles.  Just  north  of  this  morass  and  adjacent  to  it,  is  a  large 
saw-grass  lake  of  son  e  12  800  acres,  whose  drainage  is  into  the  St. 
John's  River.     This  whole  region  is  so  flat  that  its  reclamation  would 
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make  it  necessary  to  provide  for  the  drainage  of  468  square  miles  of  ad- 
jacent water  shed,  and  when  the  water  is  lowered  in  the  Holpati  Saw 
Grass  the  large  saw-grass  lake  would  also  drain  into  it.  In  fact,  the 
whole  upper  part  of  the  St.  John's  River  and  bordering  swamjis  would 
have  to  I'everse  their  flow  for  a  distance  of  80  miles,  or  at  least  down  to 
Lake  Poinsett. 

It  will,  therefore,  be  necessary  to  enclose  the  whole  immense  tract 
with  a  dike  60  miles  in  length,  or  deepen  and  clear  out  the  natural  chan- 
nel of  the  St.  John's  Eiver  for  a  long  distance,  and  proportion  our  drain- 
age canal  to  carry  all  the  drainage  of  the  water  shed,  or,  in  lieu  of  clear- 
ing out  the  river,  dike  off  all  of  it  immediately  below  our  works  by  a 
dike  not  less  than  20  miles  long.  These  are  the  problems  presented  in 
this  work.  In  the  former  case  the  dike  must  cross  the  mouths  of  three 
streams — Podgett's  Branch,  Podgett's  Creek  and  Fort  Dunn  Creek, 
which  are  from  800  to  1  000  feet  wide,  but  shallow — which  now  dis- 
charge into  the  Holpati  Saw  Grass.  I  have  estimated  the  cost  of  this 
reclamation  at  SI  100  000,  allowing  20  per  cent,  for  contingencies. 

The  reclamation  and  drainage  of  the  Sorasota  Saw  Grass,  in  this 
State,  was  completed  in  1886,  and  has  been  reported  by  me  in  the  Pro- 
ceedings of  the  Southern  Society  of  Civil  Engineers.  This  work  has 
proved  very  successful,  and  the  land  produces  excellent  crops.  The 
cost  was  S6.30  per  acre.  Area  drained,  500  acres;  water  shed,  3  500 
acres;  fall  to  outlet,  6.5  feet  in  7  000  feet  to  tidewater  on  Sorasota  Bay. 
The  drainage  operations  of  the  Disston  Company  in  this  State  have 
proved  very  successful  thus  far  in  the  upper  portions,  and  large  quanti- 
ties of  sugar,  besides  rice  and  other  croi)s,  are  now  being  raised  on  some 
of  their  drained  lands.  They  state  that  they  have  raised  as  much  as 
thirty  tons  of  cane  per  acre,  equal  to  6  210  pounds  of  sugar,  twenty 
bushels  of  rice,  worth  S3  to  $4.50  per  bushel,  and  sixty  to  eighty  bushels 
of  corn. 

Many  years  ago  hundreds  of  acres  of  salt  marsh  in  the  town  of  Ips- 
wich, Mass. ,  my  early  home,  were  reclaimed  from  the  sea  by  diking,  with 
which  work  I  was  connected  and  thoroughly  familiar.  No  engineer  was 
employed,  and  the  work  was  done  by  the  farmers.  Large  areas  were 
successfully  reclaimed  and  the  outlets  provided  with  sluice  gates  of  the 
flop  pattern  set  in  the  dikes.  The  mistake  was  made,  however,  of  not 
building  the  dikes  strong  enough  and  of  suitable  material.  The  marsh 
sods,  cut  from  trenches  just  outside  the  dikes,  were  generally  used. 
These  sods  are  too  light,  as  they  float  in  water  when  only  partially  dry. 
The  muskrats  also  proved  deadly  enemies  to  the  dikes,  burrowing  into 
them  and  filling  them  full  of  holes.  These  dikes  were  about  10  to 
12  feet  wide  on  the  top,  with  slopes  of  not  more  than  1  to  1,  the  same  on 
both  sides,  and  heights  of  from  6  to  15  feet.  Complaint  was  also  made 
of  the  flop  gates  becoming  clogged  by  grass  and  driftwood,  and  in  one 
case  the  gates  were  taken  out,  and  a  shutter  gate,  sliding  up  and  down 
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in  vertical  grooves  in  the  flume,  and  workecl  by  hand,  was  substituted. 
This  was  tended  for  a  time  by  a  man  specially  hired  for  this  duty,  but, 
as  was  to  be  supposed,  he  neglected  it  at  times,  and  the  result  was  sev- 
eral tides  of  salt  water  flooding  the  land,  which,  of  course,  killed  all  the 
sweet  water  grasses  and  crops.  This  work  was  done  about  1855  to  1860. 
The  result  was  that  the  dikes  gave  way  and  the  land  was  flooded  with  salt 
water,  and  has  leen  allowed  to  relapse  into  its  original  condition.  The 
salt  water  killed  the  sweet  grasses  and  plants,  and  for  a  long  time  the 
"marsh  was  in  a  far  worse  condition  than  before  anything  had  been  done. 
This  result  may  prove  a  lesson  in  such  cases,  and  emphasize  the  fact 
that  such  works  should  not  be  undertaken  except  under  the  supervision 
of  a  skilled  engineer,  and  that  the  details  must  be  carefully  attended  to 
and  the  gates  effectually  guarded  from  fouling  and  made  perfectly  auto- 
matic in  their  action. 

I  have  been  especially  interested  in  that  part  of  Mr.  Starling's  paper 
which  treats  of  the  "  hoofden  "  or  spur  jetties,  as  I  have  had  some  ex- 
perience in  these  works,  having  been  in  charge  as  United  States  Assist- 
ant Engineer  under  the  late  General  Q.  A.  Gillmore,  Major  J.  C.  Post 
and  Captain  W.  F.  Russell,  Corps  of  Engineers,  United  States  Army,  of 
the  construction,  extension  and  repair  of  the  spur  jetties  built  on 
Amelia  Island  for  the  protection  of  Fort  Clinch,  Eernandina,  Ela. 

These  jetties  are  situated  on  the  northwest  point  of  the  island  at  the 
narrowest  part  of  the  gorge  of  Cumberland  Sound,  where  the  width  to 
Cumberland  Island  is  5  900  feet.  This  width  is  increasing.  In  1843  the 
surveys  show  that  the  shore  line  at  Fort  Clinch  was  fully  100  feet  further 
out.  In  1882,  I  made  a  complete  triangulation  and  topographical  and 
hydrographical  survey  of  Cumberland  Sound,  under  the  direction  of  the 
late  General  Gillmore,  and  found  that  the  gorge  had  widened  several 
hundred  feet  since  the  last  coast  survey  had  been  made.  There  used  to 
be  a  lighthouse  on  the  southeast  point  of  Cumberland  Island,  the  site  of 
which  has  been  completely  washed  away. 

These  spur  jetties  are  3J  miles  from  the  outer  edge  of  the  bar,  and 
are  exposed  at  high  water  to  the  full  sweep  of  the  sea  from  the  northeast, 
but  at  low  water  they  are  partially  j)rotected  by  the  long  north  jetty  on 
the  north  shoals  and  by  these  extensive  shoals  themselves,  which  lie  1 
mile  north,  or  just  across  the  sound.  There  is  24  to  30  feet  of  water  20O 
feet  beyond  the  ends  of  the  si)i;rs,  which  deepens  rapidly  to  GO  feet. 
The  mean  rise  and  fall  of  the  tide  here  is  5.80  feet  and  the  mean  velocity 
of  the  ebb  tide  is  2.00  feet  per  second  and  of  the  flood  1.80  feet;  and  the 
greatest  surface  velocity  on  the  edge  of  the  channel  opposite  the  jetties 
was  found  by  Mr.  Paret  (M.  Am.  Soc.  C.  E.)  to  be  5.00  feet,  and  the 
bottom  velocity  at  the  same  place  2.80  feet  per  second.  These  latter  ve- 
locities, being  taken  in  the  concave  bend,  are  somewhat  greater  than 
obtain  at  the  jetties,  which  are  located  on  the  convex  side. 

The  jetties,  as  built,  extend  along  the  shore  here  for  4  000  feet,  the 
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fort  being  nearly  in  the  center.  The  erosion  of  the  bank  has  been  so 
great  here  that  the  walls  of  the  fort  were  endangered,  and  in  1881  these 
spurs  or  groins  were  built,  and  located  about  570  feet  apart  and  normal 
to  the  shore  line,  which  gives  them  a  I'adial  projection,  as  the  shore  is 
here  a  convex  curve  of  about  3  000  feet  radius. 

The  jetties  were  constructed  of  log  mats,  40  feet  in  width,  the  logs 
not  less  than  9  inches  at  the  small  end,  and  laid  transversely  to  the  axis 
of  the  jetty.  The  "  mat  "  was  simply  a  raft  of  jiine  logs,  with  binders 
spiked  on  8  feet  apart,  with  20  to  24  inch  spikes.  Saw-mill  slabs  were 
sjiiked  on  the  logs  between  the  binders.  They  were  covered  with  1  foot 
of  broken  quarry  rock,  which  was  afterwai'd  increased  to  about  1^  feet. 
The  rock  was  principally  granite  and  gneiss  brought  out  from  the  north 
in  schooners.  Only  one  course  of  these  mats  was  laid,  and  they  were 
about  3  feet  in  thickness,  including  the  stone.  They  extend  from  high 
water  to  a  few  feet  beyond  low  water,  and  the  top  has  the  same  grade  or 
slope  as  the  beach,  between  high  and  low  water.  The  cross-section  is 
flat  on  top.  Those  near  high-water  line  were  built  in  place,  and  those 
near  low  water  were  built  elsewhere  and  floated  into  position  and  sunk 
by  throwing  on  rock. 

They  have  withstood  the  sea  well,  and  answer  the  purpose  intended. 
At  first  only  four,  stopping  at  low  water,  were  built,  but  it  was  found 
necessary  to  increase  the  number  to  seven  and  to  extend  them  a  few  feet 
beyond  low  water.  Since  their  completion,  the  erosion  has  practically 
ceased,  and  the  beach  remains  normal.  The  sand  piles  up  in  the  sea- 
ward angle,  near  the  high-water  mark,  to  the  top  of  the  jetties  and  the 
high-water  line  now  extends  about  100  feet  further  out  than  the  original 
line  on  the  east  side  of  each  jetty. 

Geoege  W.  Rafter,  M.  Am.  Soc.  C.  E. — Several  years  ago  I  was  in 
the  City  of  Cairo,  at  a  time  when  the  Ohio  River  was  at  full  flood,  the 
water  in  the  Mississippi  also  being  high.  There  was  some  apprehen- 
sion that  the  levees  of  that  water-locked  town  were  not  equal  to  the 
emergency.  The  water  in  the  river  stood  several  feet  above  the  general 
level  of  the  business  portion  of  the  town,  and  at  a  number  of  places 
"  sand  boils  "  were  throwing  out  considerable  quantities  of  water.  To 
add  to  the  general  feeling  of  discomfort,  the  drainage  machinery  refused 
to  work  just  at  the  time  of  highest  water,  though  luckily  repairs  were 
soon  accomplished  and  the  inflowing  water  easily  kept  at  proper  level. 
I  noted  with  surprise  the  large  amount  of  water  a  "sand  boil "  would 
throw  out  without  sensibly  enlarging  the  crater  or  materially  increasing 
in  volume.  Such  observations  as  I  could  make  seemed  to  indicate  that 
the  outflowing  stream  was  the  result  of  the  confluence  of  a  considerable 
number  of  very  small  ones,  rather  than  a  single  direct  connection  from 
the  i3oint  of  outflow  to  the  river,  as  otherwise  it  appeared  difficult  to  ac- 
count for  their  maintaining  a  uniform  section  at  the  crater. 

The  j)ortions  of  Mr.  Starling's  jiaper  which  treat  of  the  methods  of 
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administering  public  work  in  Holland  are,  perhaps,  as  useful  as  any  to 
the  "working  American  engineer,  in  that  they  serve  to  enforce  the  proi^o- 
sition  that  good  work  is  only  secured  by  sound  administrative  methods. 
His  remarks  in  reference  to  the  regulations  governing  the  excavation  of 
borrow-pits  and  the  dressing  of  slopes  of  the  same  by  experienced  slope 
dressers,  is  a  good  illustration. 

The  feature  of  the  Dutch  specifications  of  including  a  list  of  uniform 
rates  at  which  extra  work  will  be  paid  for,  is  one  which  could  well  be 
generally  adopted  in  this  country  without  injury  to  the  interest  of  the 
2jarties  for  whom  work  is  done.  In  railway  construction  extra  work  is 
usually  of  such  a  character  that  it  can  be  classified  under  some  item  of 
the  contract,  and  accordingly  becomes,  so  far  as  final  settlement  of  the 
account  is  concerned,  j^ractically  contract  work;  but  in  national,  state 
and  municipal  work  (and  especially  in  the  latter),  the  most  diverse  prac- 
tice prevails.  In  the  bulk  of  new  construction  in  cities,  such  as  laying 
pavements,  building  sewers,  extending  water  mains,  etc. ,  all  the  elements 
are  known,  and  competition  quickly  reduces  the  profit  to  a  narrow  mar- 
gin. The  tendeney  is,  under  these  conditions,  for  the  contractor  to  put 
as  large  a  j^rice  on  all  extra  work  as  the  nature  of  the  case  will  allow,  and 
considering  the  unsatisfactory  way  in  which  municipal  work  is  frequently 
prepared  for  letting,  I  am  not  prepared  to  say,  absolutely,  that  muni- 
cipal contractors  are  not,  to  some  extent,  justified  in  getting  all  they  can. 

In  some  cases,  railway  specifications  in  this  country  have  called  for 
the  payment  of  a  fixed  percentage  on  the  actual  cost  of  all  extra 
work,  10  per  cent,  being,  so  far  as  I  am  informed,  the  usual  figure. 
Municipal  extra  work  also  is  sometimes  paid  for  in  this  way,  though  it 
is  believed  frequently  at  a  somewhat  greater  rate  than  10  per  cent. 

It  may  be  of  interest  to  note  that  the  most  complete  account,  in 
American  engineering  literature,  of  the  drainage  of  the  Haarlem  Lake,  is 
that  contained  in  the  chapter  on  drainage  in  Holland,  in  Colonel  George 
El  Waring,  Jr. 's,  "  Sewerage  and  Land  Drainage."  The  history  of  the 
project  from  its  inception,  two  hundred  and  fifty  years  ago,  to  its  com- 
pletion in  1858,  is  there  given,  together  with  many  notes  on  the  methods 
of  executing  the  work  which  are  not  found  in  Mr.  Starling's  brief  ref- 
erence. The  large  ijumpiag  engines  are  also  briefly  described,  and 
some  illustrative  sections  given. 

Mr.  Starling's  interesting  statement,  however,  respecting  the  neces- 
sity for  the  construction  of  a  subordinate  levee,  thereby  forming  a 
secondary  polder  inside  the  primary  one,  is  a  useful  supplement  to 
Colonel  Waring's  more  extensive  discussion  of  this  phase  of  the  subject, 
and  may  be  considered  as  bringing  our  information  in  reference  to  the 
Haarlem  Lake  drainage  down  to  date.  One  farther  fact  of  some  value  in 
the  present  connection  may,  however,  be  noted,  namely,  the  size  of  the 
pumping  engines  employed  in  this  drainage.  The  original  pumping 
stations  were  those  mentioned  by  Mr.  Starling  at  Spaarndam,  Halfweg 
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and  Gouda.  According  to  data  given  iu  Wheeler's  "Drainage  of  Fens 
and  Low  Lands,"  published  in  1888,  the  actual  horse-power  of  the 
original  machines  maybe  stated  to  average,  atSpaarndam,  280;  Halfweg, 
125,  and  Gouda,  360.  In  1880  an  additional  machine  was  erected  at 
Katwijk  of  570  actual  horse-power.  The  lift  at  this  station  varies  from 
0  to  7  feet,  and  the  entire  jilant,  consisting  of  six  drainage  wheels,  can 
handle  2  000  long  tons  of  water  per  minute  to  a  height  of  4  feet  or  1  200 
long  tons  per  minute  to  the  extreme  limit  of  the  lift  of  7  feet.  The  com- 
bined machinery  at  Katwijk  is  further  stated  by  Mr.  Wheeler  as  being 
the  largest  installment  of  drainage  pumping  machinery  yet  erected  in 
either  Holland  or  England.  Mr.  Wheeler  also  gives  the  details  of  the 
mechanical  features  of  these  four  large  drainage  plants  somewhat  more 
completely  than  they  are  elsewhere  described  in  the  English  or  American 
literature  on  the  subject,  his  chief  source  of  information  being  "  Stoom- 
bemaling  Van  Polders  en  Boezems,"  by  A.  Huet,  C.  E.,  The  Hague, 
1885. 

The  Canal  Pumping  Works  in  Chicago  may  also  be  mentioned. 
These  are  designed  to  assist  the  outflow  from  the  south  branch  of  the  Chi- 
cago River  into  the  Illinois  and  Michigan  Canal,  and  have  a  total  capacity 
per  minute  of  lifting  60  000  cubic  feet  of  water  to  the  height  of  8  feet. 
This  work  is  accomplished  by  four  sets  of  centrifugal  pumps  (two 
pumps  to  each  set),  placed  in  a  dug  well  below  the  surface  of  the  water 
to  be  lifted,  and  driven  by  a  compound,  vertical,  condensing  engine  set 
between  the  two  pumps  and  coupled  direct.  The  actual  horse-power 
required  when  all  are  working  at  full  capacity  to  the  extreme  limit  of  the 
lift  of  8  feet  is  910.  On  this  basis  we  may  conclude  that  this  drainage 
pumping  plant  is  much  larger  than  anything  in  either  Holland  or  Eng- 
land. 

In  Egypt,  however,  much  larger  plants  than  the  foregoing  have  been 
erected  and  are  iu  successful  operation,  the  largest  being  those  for 
assisting,  during  low  water,  the  supply  to  the  irrigating  canal  for  the 
west  district  of  the  Nile  delta,  and  the  water  supply  of  Alexandria.  For 
this  purpose  two  plants  have  been  provided,  one  at  Atfeh  and  one  at 
Katatbeh  ;  the  latter,  erected  in  1882,  consisting  originally  of  ten  Archi- 
medean screw  pumj^s,  each  39  feet  long  and  10  feet  in  diameter,  with 
cores  4  feet  in  diameter.  The  Archimedean  screws  being  found  unsatis- 
factory, seven  of  them  were  removed  the  following  year,  and  five  vertical 
action  centrifugal  pumjis  substituted.  The  mean  lift  is  about  8J  feet, 
with  a  maximum  of  10  feet,  and  the  entire  plant  is  capable  of  discharg- 
ing 2  500  long  tons  of  water  per  minute  to  this  height,  yielding,  when  so 
doing,  an  actual  net  horse-jaower  of  about  1  700.  So  far  as  I  have  been 
able  to  learn,  this  is  the  largest  jnimping  plant  in  use  anywhere.* 

*  Further  detail  with  references  to  the  several  sources  of  information  may  be  also  found 
in  Wheeler's  "Drainage  of  Fens  and  Low  Lands." 

The  recently  published  "Special  Consular  Report,  Canals  and  Irrigation  in  Foreign 
Countries,"  contains  brief  references. 
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In  conclusion,  the  brief  references  in  Mr.  Starling's  paper  to  many 
of  tlie  cognate  beads  may  be  taken  as  indicative  of  the  difficulty  wliicli 
the  author  has  found  in  compressing  all  the  detail  within  the  limits  of 
such  monographic  writing  as  is  suitable  for  j^apers  to  be  read  before  this 
Society. 

Egbert  Cartwbight,  M.  Am.  Soc.  C.  E. — Major  Se:irs  has  taken  ex- 
cejition  to  the  statement  by  Mr.  Starling  that  pure  clay  is  the  thing  for 
puddling.  This  Mr.  Starling  has  evidently  overlooked  in  his  paper, 
-because  I  am  sure  that  he  knows  that  pure  clay  does  not  make  the 
best  puddle.  The  best  natural  puddle  we  have  is  in  hard-pan,  and  if 
any  of  you  have  worked  in  hard-pan,  you  will  have  noticed  that  a  great 
deal  of  gravel  is  encountered  in  it ;  it  is  also  pretty  hard  to  work,  while 
jiure  clay  can  be  easily  worked.  My  exi^erience  has  led  me  to  work 
about  3  to  1  ;  that  is,  I  take  piire  clay,  cut  it  up,  and  to  every  three 
barrows  of  it  dumped  down  an  embankment,  or  anything  of  that  kind, 
I  dum^D  down  a  barrow  of  gravel  and  sand. 

I  have  built  thirty-four  gas  holders,  and  to  have  a  leaky  tank  is  a 
serious  matter  in  a  gas-works.  They  are  located  in  various  sections  of 
the  United  States  and  Canada,  and  that  means  a  great  many  different  kinds 
of  soiL  I  would  like  to  ask  Mr.  Herschel  whether  or  not  clay  will  satu- 
rate ;  he  has  said  that  it  would  dissolve  down.  In  that  case  it  must 
necessarily  saturate— a  fact  which  I  deny.  Certainly,  the  bottom  of  the 
great  lakes,  being  clay,  would  have  had  amjole  time  to  saturate  or 
absorb  the  water  since  the  creation  of  them.  The  tunnels  at  Cleveland 
and  Chicago  have  demonstrated  that  fact. 

Clemens  Heeschel,  M.  Am.  Soc.  C.  E. — This  touches  on  a  subject 
upon  which  I  have  some  strong  feelings  and  opinions.  We  have  just 
heard  that  pure  clay  does  not  make  a  good  puddle,  and  instead  of  it  is 
recommended  a  mixture  of  clay  and  of  some  other  material,  say  of  gravel. 
Now  I  desire  to  go  a  step  farther  ;  I  do  not  want  any  clay  at  all.  What 
in  the  world  anybody  wants  to  cart  clay  on  the  field  of  operations  for,  as 
is  so  frequently  done,  is  something  I  have  never  found  out.  I  have  been 
at  work  handling  water  for  a  considerable  length  of  time  now,  and  I  have 
never  had  any  use  for  clay.  Pure  gravel,  just  as  it  comes  from  the  gravel 
pit,  will  make  a  water-tight  stop,  when  used  between  planks  or  in  any 
other  i^osition  for  which  puddle  is  used,  as  far  as  my  experience  goes, 
l)etter  than  clay,  or  a  clay  mixture,  ever  did.  Now,  perhaps  the  reason 
that  others  do  not  say  the  same  thing  is,  because  they  have  never  tried 
it.     At  all  events  I  give  you  that  as  the  result  of  my  experience. 

I  Avould  like  to  have  my  position  clearly  understood.  It  is  simply 
this — that  anything  that  can  be  done  with  clay,  can  be  better  done  with 
good  gravel.  Clay  will  melt  away  just  like  sugar  or  salt ;  gravel  will 
not.  Clay  is  a  dirty,  slipp(»ry,  disagreeable  and  treacherous  substance 
to  have  around  the  i^remises  ;  gravel  is  not.  I  have  seen  clay  imported 
from  a  great  distance  in  order  to  be  put  in  bags  and  used  to  make  coffer- 
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dams,  or  something  of  that  sort,  -water-tight,  wheu  three  or  four  days 
afterward  fifty  per  cent,  of  that  stuff  had  disappeared.  If,  instead  of 
getting  that  expensive  clay,  in  the  instance  I  have  in  mind,  had  gravel 
been  put  in  those  bags,  it  would  have  done  the  work  better  and  at  less 
cost.  Now,  I  understand  that  the  art  of  iDuddling  is  to  deposit  material 
in  such  way  that  every  particle  has  been  touched  or  permeated  by  water, 
and  that  water  is  used  to  make  it  settle  down  in  a  mass.  Whether  puddle 
be  made  of  one  thing  or  another,  if  it  is  handled  in  that  way  it  consti- 
tutes i^uddle.  I  am  a  great  deal  like  my  friend,  Mr.  Worthen — I  have 
not  been  brought  up  "that  way  ";  we  have  got  along  pretty  well  with- 
out it,  and  don't  want  any  clay,  unless  we  are  forced  to  build  upon  it. 

In  answer  to  Mr.  Cartwright,  I  should  say  that  "  saturate  "  is  hardly 
the  word. 

William  E.  Worthen,  M.  Am.  Soc.  C.  E. — In  my  practice  I  have 
never  had  occasion  to  make  use  of  a  clay  puddle  ditch  in  an  embank- 
ment; there  has  always  been  some  binding  material  like  clay,  loam  or 
hard-pan  in  the  excavation  which  answered  my  purpose,  and  the  bank 
was  made  of  a  uniform  material  for  its  full  width,  in  layers  of  about  6 
inches  and  comf)acted  by  the  travel  of  the  carts  which  came  up  on  one 
side  of  the  reservoir  dumped  its  load  where  required,  and  returned  to 
the  same  side,  each  cart  making  a  complete  travel  around  the  top  of  the 
work.  When  necessary,  the  earth  was  sprinkled  as  deposited  and 
occasionally  rollers  were  employed. 

When  the  reservoir  made  by  damming  a  stream,  or  hillocks  break  the 
continuity  of  the  bank,  the  weakness  lies  in  the  natural  earth  and  its 
connection  with  the  dam  at  the  sides  and  bottom,  and  if  the  dam  be 
made  of  the  same  kind  of  earth,  it  will  retain  water  better  than  the  earth 
which  has  not  been  moved,  and  will  be  stable  if  there  is  an  embankment 
sufficient  to  sustain  the  load  and  wide  enough  to  make  the  water  which 
might  percolate  through  traverse  so  long  a  distance  that  its  flow  is 
checked  to  a  mere  ooze. 

Phineas  Ball,  C.  E.,  constructed  a  dam  at  Clinton,  Mass.,  with  a 
concrete  wall  in  the  center,  but  nothing  but  sand  and  gravel  at  the  sides 
and  beneath.  In  such  a  construction  I  have  found  that  the  water  from 
the  reservoir  percolates  through  the  gravel  and  stands  at  a  head  very 
nearly  equal  to  that  of  the  reservoir,  at  the  wall,  and  close  to  the  wall 
and  on  the  opposite  the  side  the  head  falls  off,  diminishing  toward  the 
foot  of  the  slope. 

At  Lowell,  where  it  is  necessary  very  often  to  put  in  sheet  piling  to 
cut  off  the  water  of  the  canals  from  the  excavation  for  new  construction, 
the  canals  are  draAvn  off  and  sheet  piling  is  usually  set  and  slightly 
driven  in  trenches  about  4  feet  deep,  which  are  filled  with  puddle  on 
the  canal  side.  This  j^uddle  consists  of  a  glacier  till  from  the  disintegra- 
tion of  granite  rocks,  which  is  scattered  in  water  of  very  little  depth, 
merely  enough  to  wet  the  till.    The  mass  becomes  compact  very  quickly, 
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and  is  always  stanch,  althoiigh  it  is  subjected  to  the  full  head  of  the 
caual  within  a  few  hours. 

EsTEVAN  A.  FuEKTES,  M.  Am.  Soc.  C.  E.— I  have  had  a  peculiarly 
fortunate  experience  in  this  matter.  In  about  the  year  1875  I  built  a 
system  of  water-works  under  the  control  of  a  literary  corporation.  I 
designed  to  i)ump  something  like  100  000  gallons  per  day  into  a  reser- 
voir, built  on  the  French  system;  that  is,  without  a  puddle  core  or  wall, 
which  was  in  this  case  imijossible  on  account  of  the  fact  that  the  site  of 
the  reservoir  was  a  stratified  clay  and  sand  hill  for  an  indefinite  depth 
below  the  surface.  Also  there  was  not  enough  money  for  any  other 
than  the  cheapest  possible  construction.  The  entire  volume  of  the  sur- 
rounding bank  or  enclosure  was  built  from  the  material  excavated  from 
within  the  reservoir.  Its  banks  have  an  internal  sloise  of  2  to  1;  a 
pleasure  drive  on  the  top,  and  sodded  external  slopes  1^  to  1.  The 
specifications  called  for  a  surface  puddle  lining,  of  three  volumes  of 
brick  clay  (near  by)  and  one  volume  of  sand,  laid  2  feet  thick  perpen- 
dicularly to  the  slope,  or  4  feet  horizontally.  This  puddle  was  to  be 
paved  with  stones  10  inches  deep,  the  joints  in  a  vertical  j)lane  perpen- 
dicular to  the  top  line  of  the  bank,  and  grouted  with  Portland  cement 
2  to  1.  The  bottom  of  the  reservoir  had  likewise  a  layer  of  puddle  2 
feet  thick  covered  by  concrete  10  inches  thick.  This  concrete  was  made 
up  of  one  volume  of  Portland  cement  to  three  of  sand,  mixed  dry,  with 
five  volumes  of  broken  stone  and  enough  water  to  need  considerable  and 
rapid  pounding  to  make  it  sweat.  The  water  supply  was  admitted, 
distributed  and  wasted  through  two  6-inch,  one  8-inch  and  one  12-inch 
iron  pipes  cutting  through  the  bank  and  terminating  within  a  circular 
tower  9  feet  in  diameter.  This  tower  was  built  at  the  toe  of  the  inner 
slope,  provided  with  gates,  two  seiiarate  chambers,  an  ornamental  cir- 
cular railing,  and  connected  with  the  bank  by  a  rustic  bridge. 

The  committee  controlling  the  works,  though  with  the  best  intentions, 
harassed  me  not  a  little  in  the  usual  way;  and  when  the  reservoir  was 
completed,  in  so  far  as  form,  puddling  and  paving,  there  was  a  breach 
on  its  north  bank  37  feet  deep,  waiting  for  the  pipes  which  should  have 
been  laid  through  the  bank  long  before,  at  the  time  of  its  consolidation 
in  layers  of  a  small  and  uniform  thickness.  The  pipes  ordered  by  fast 
freight  were  at  last  found  stranded  on  the  Erie  Canal  at  a  great  distance 
from  the  works,  late  in  December,  when  grouting  was  deemed  inadvis- 
able. Now  commenced  the  vicissitudes  of  the  works,  which  if  recited 
in  detail  could  be  made  quite  amusing  and  even  of  professional  interest. 
The  reservoir  was  filled  with  1  000  000  gallons,  and  at  once  leaked  at 
the  center  of  water  pressure  on  its  south  and  tallest  new  bank.  Despite 
my  advice  to  let  matters  alone  until  the  spring,  the  reservoir  was  patched 
up,  by  the  advice  of  some  Western  j^ractical  man,  whose  professional 
dictum  was  always:  "  Ping  her  up,  gentlemen,  till  she  is  tight."  Thus 
the  reservoir  was  riddled  with  holes  in  six  successive  fillings  and  an 
e(iual  number  of  leakages. 
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Tliough  at  this  time  I  desired  much  to  give  up  this  job,  I  did  not 
feel  warranted  in  doing  so  for  many  imi:>ortant  reasons,  although  even  a 
practical  farmer  succeeded  in  having  an  order  given  to  line  the  reservoir 
with,  straw  during  the  winter  months,  now  well  advanced.  When  the 
spring  opened  and  the  straw  was  removed,  I  found,  as  predicted,  that 
innumerable  rats  had  made  their  home  in  the  straw,  and  the  stone  pitch- 
ing was  covered  with  a  thick  coating  of  slime  produced  by  the  filtering 
of  rain  through  the  rotten  straw. 

The  leaks  were  stopj^ed  completely  as  follows:  sand  in  small  amounts 
was  sifted  into  the  crevices,  over  the  whole  surface  of  the  pitching. 
This  was  done  by  four  men  in  six  hours.  Then,  beginning  at  the  highest 
point,  water  was  played  upon  the  sand  through  a  hose,  the  sprinkler 
gradually  working  downward,  till  the  stones  appeared  clear  of  sand  on 
their  external  surface  and  embedded  in  about  2  inches  of  wet  sand.  On 
the  next  day  grouting  was  poured  into  the  joints  by  beginning  at  the 
lowest  point,  upon  a  strip  3  feet  wide,  along  the  entire  bottom  of  the 
slope.  Then  the  next  higher  band,  3  feet  wide,  was  also  grouted;  by 
this  method  insuring  complete  filling  of  the  interstices  left  in  any  one 
course  by  the  downward  leakage  of  the  grout  of  the  next  higher  courses; 
and  so  on  till  the  entire  internal  surface  was  grouted.  Two  days  there- 
after, Saturday  and  Sunday  intervening,  the  grouting  had  set,  water 
was  let  in,  and  the  reservoir  has  neither  leaked  nor  needed  the  expendi- 
ture of  one  cent  for  repairs  to  date. 

I  may  also  mention  that  a  filter  had  been  built  within  the  reservoir, 
made  up  of  various  layers  of  stone  and  gravel  and  tojiped  by  sand. 
This  material  was  enclosed  in  a  huge  box  receiving  at  the  top  the  water 
to  be  filtered,  and  delivering  the  filtered  water  through  a  pipe  at  the 
bottom  into  the  west  chamber  of  the  tower,  and  thence  to  the  distribut- 
ing main.  The  sand  employed  was  of  such  a  nature  that  it  immediately 
became  clogged  and  no  filtration  was  possible. 

We  have  in  this  interesting  case  a  compact  example  of  a  puddle  that 
would  not  hold  water,  and  a  sand  that  would  become  water-tight;  but  it 
would  be  hazardous  to  generalize  upon  these  facts  without  reference  to 
the  physical  nature  of  the  materials  and  the  wide  variety  of  mechanical 
conditions  under  which  they  may  be  used.  To  my  mind,  the  McAlpine 
axiom  just  quoted,  that  "water  abhors  angles,"  explains  fitly  the 
advantages  of  clay  with  sand  when  its  use  is  properly  indicated  by 
favorable  conditions.  It  is  a  fact  that  cannot  be  denied  that  a  thick 
layer  of  homogeneous  plastic  clay  exposed  to  moderate  water  pressure 
is  impermeable  as  long  as  it  is  confined  and  cannot  crack.  The  soften- 
ing of  the  clay  surface  in  contact  with  water  helps  the  impermeability, 
by  preventing  cracks  though  capillary  action,  without  giving  rise  to 
what  is  technically  called  a  leak.  In  the  reservoir  in  question,  the 
puddle  was  confined  on  one  side  by  the  earth  upon  which  it  rested ;  and 
on  the  other,  by  the  weight  of  the  stone  pitching.     If  the  pressure  of  the 
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water  on  the  clay  is  great  enough  in  comparison  with  its  thickness  and 
with  the  softness  of  its  backing,  the  water  pressure  will  punch  a  hole 
through  the  clay  at  some  specially  weak  point.  Under  these  conditions, 
the  jjower  of  suspension  of  the  water  may  become  zero:  but  its  trans- 
jjorting  power  will  grow  to  be  equal  to  that  due  to  the  head  acting  on 
the  hole  and  launched  through  the  clay.  Erosion  must  take  place. 
The  leak  becomes  turbid  or  roily  by  the  transjiorted  material  carried 
off  from  the  bank;  and  if  left  alone,  the  leak  will  continually  grow. 
But  if,  when  the  leak  starts,  a  pebble  is  placed  in  the  hole,  the  area  of 
delivery  will  be  so  greatly  diminished  and  the  resistance  to  the  flow  so 
lai'gely  increased,  that  the  trausi^orting  power  of  the  water  may  be 
reduced  to  zero  and  the  power  of  suspension  will  again  become  corre- 
spondingly active;  so  that  the  slightest  thread  or  smallest  particle  of 
clay  will  become  clogged  in  the  narrow  orifice  of  delivery,  which  will 
evidently  cease  to  be  an  area  by  contracting  into  a  mere  line,  and  finally 
into  isolated  points,  easily  closed  by  the  feeble  current  into  which  sus- 
pended solid  particles,  each  smaller  than  its  predecessor,  are  drawn  to 
cork  the  leak. 

If  these  considerations  are  correct,  and  they  seem  to  be,  for  clean 
gravel,  or  clean  quartz  sand,  cannot  oppose  the  passage  of  water  on 
account  of  the  inevitable  presence  of  vacuities,  no  matter  how  compactly 
the  material  may  be  condensed,  then  the  result  recited  to  have  been 
obtained  with  sand  and  gravel  dams  must  have  been  secured  by  the 
adventitious  circumstance  of  the  presence — in  the  sand  used — of  a  variety 
of  small  sizes  of  sand  down  to  impalpable  dust,  which  filled  u}?  and 
finally  clogged  up  all  the  vacuities  in  the  face  of  the  dam  exposed  to 
leakage. 

The  question  then  seems  to  resolve  itself  to  this:  In  the  absence  of 
actual  experience  with  the  sand  or  gravel  of  an  unknown  locality,  is  the 
engineer  warranted  in  running  the  risk  oF  leaks  (which  are  generally 
serious  in  earth  banks),  when  the  use  of  clay  can  exchange  the  chances 
of  failure  for  the  certainties  of  success  ?  It  may  be  said  that  if  the 
engineer  has  had  any  experience,  he  will  not  use  improj^er  gravel 
for  this  purpose;  but  I  am  inclined  to  think  that  only  the  engineer 
of  limited  exjierience  or  of  great  experience  in  a  restricted  area  or 
locality  will  advance  this  argument.  Although  "dirty  gravel"  of  all 
kinds  may  be  found  over  extensive  areas,  embracing  several  of  our  States, 
there  are,  however,  many  jjlaces  where  only  clean  gravel  or  clean  sand 
can  be  obtained,  and  the  only  way  to  make  such  material  impermeable 
is  to  fill  ui^  its  vacuities  with  material  of  varying  sizes  comminuted  down 
to  at  least  one  size  smaller  than  the  size  of  the  smallest  particle  of  water 
likely  to  wend  its  way  through  the  material  of  the  bank.  That  such  is 
the  mechanical  condition  of  tight  banks  may  be  also  proved  by  the 
instance  just  mentionecl  in  reference  to  the  clogging  of  filters,  which  is 
a  familiar  experience.     In  these  cases  care  is  taken  to  regulate  the  de- 
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livery  of  the  filters  by  suitable  choice  of  the  sizes  of  the  material  em- 
ployed, placing  the  finely  broken  material  on  the  water  or  loaded  side 
of  the  filter,  and  the  coarser  material  on  the  delivery  side.  These  fillers 
invariably  get  clogged  by  the  process  above  mentioned,  which  renders 
impei'uieable  the  water  side  surface,  and  the  usual  remedy  is  either  re- 
versal of  the  current  to  dislodge  leaves,  fibers,  and  their  cementing  silt, 
or  by  removal  of  the  silt-compacted  coating.  It  is  from  the  formation  of 
■this  silt-compacted  coating  that  immunity  against  leakage  is  obtained. 
The  recommendation  to  throw  gravel  over  a  leaky  area,  omitting  the 
clay  is,  I  fear,  successful  only  because  of  the  sand,  clay  or  loam  almost 
always  present  in  a  large  number  of  gravel  prodvicts,  which  is  thei'e  in 
spite  of  the  injunction  to  keep  it  out.  The  coarse  gravel  stops  the  out- 
ward motion  of  the  finer  gravel;  the  latter  prevents  the  running  of  the 
sand;  and  the  vacuities  of  the  sand  are  clogged  by  the  loam,  clay  or  silt, 
which  prevent  the  escape  of  the  water. 

Charles  B.  Brush,  Vice-President  Am.  Soc.  C.  E. — Mr.  Starling's 
paper  is,  I  think,  one  of  the  most  valuable  and  interesting  that  has  been 
presented  to  the  Society.  I  am  surj^rised  at  the  suggestions  of  Mr. 
Herschel  and  of  Mr.  Worthen  to  the  efi'ect  that  clay  is  unnecessary  at 
all  times  in  assisting  an  embankment  to  hold  water.  While  it  is  true 
that  under  certain  conditions  very  excellent  results  are  obtained  with 
the  use  of  gravel,  still  equally  good  results  are  obtained  with  a  jjroi^er 
mixture  of  clay  puddle.  For  instance,  I  do  not  think  it  would  be  wise 
where  rock  had  been  excavated  in  the  bottom  of  a  reservoir  to  attempt 
to  seal  tbat  bottom  with  gravel.  In  such  case  a  clay  puddle  would  be 
preferable. 

In  the  case  of  a  subterranean  water  supply,  water  is  generally 
obtained  from  strata  composed  of  water-worn  or  rounded  stones.  In 
making  examinations  for  a  water  supply,  we  are  almost  sure  to  find  it 
in  such  strata.  Water  is  also  found  in  large  quantities  in  sand  strata. 
Probably  the  most  remarkable  case  of  a  subterranean  water  supply  from 
sand  strata  is  found  at  Memphis.  The  water-bearing  stratum  there  is 
about  700  feet  thick,  and  is  composed  of  white  sand  of  various  sizes. 
Most  of  this  sand  will  pass  through  a  screen  of  2  500  meshes  per  square 
inch.  Eight  million  gallons  of  water  were  actually  drawn  from  this 
stratum  in  twenty- four  hours. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — I  think  there  might  be 
some  difference  in  the  action  of  clays  when  exposed  to  water.  I  was 
employed  on  what  is  now  a  part  of  the  West  Shore  Railroad  in  1864-66. 

On  that  road  a  bank  some  60  feet  high  was  thrown  up  from  a  wet 
clay  cut.  Shortly  after  it  was  built  it  commenced  sliding,  and  in  1866 
the  base  had  gone  fully  1  000  feet;  the  bank  was  still  sliding  in  1874, 
and,  I  believe,  had  not  stopped  in  1880.  It  is  not  clear  what  agitated 
this  bank  so  that  it  would  not  set,  and  it  is  submitted  that  it  must  have 
been  saturated  with  water. 
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Another  smaller  bank  about  30  feet  high  was  built  -with  wet  clay, 
and  there  was  a  pool  of  water  on  the  upper  side  of  it.  When  gravel 
ballast  was  put  on  this  it  bulged  on  the  lower  side  about  half  way  down 
from  the  top.  Any  additional  gravel  placed  on  the  road-bed  apparently 
drove  semi-fluid  clay  out  from  that  bi;lge  until  the  pool  was  drained, 
though  at  that  time  gravel  enough  had  been  put  on  the  road-bed  to 
make  a  gravel  core  nearly  to  the  original  surface  of  the  ground.  None 
of  the  banks  on  that  road  which  were  built  of  dry  clay  gave  any 
trouble. 

J.  Foster  CROWEiiii,  M.  Am.  Soe.  C  E. — I  think  my  friend,  Mr. 
North,  has  confused  the  question  slightly  as  to  the  suitability  of  clay 
for  i^uddle,  by  introducing  another  of  its  defects  as  a  material  for  em- 
bankments. The  kind  of  trouble  that  came  from  the  clay  in  the  railroad 
embankment  he  describes  is  not  the  same  kind  of  trouble  that  has  been 
under  discussion.  In  the  railroad  embankment  it  is  a  question  of  gravity, 
and  a  wet  clay  bank  that  slumps  under  the  weight  of  the  track  can  some- 
times be  eflfectually  cured  by  the  use  of  sand  or  cinder  (not  slag)  for 
ballast,  which,  being  lighter,  remains  on  the  surface  instead  of  sinking 
into  and  displacing  the  clay. 

As  to  the  relative  value  of  clay  and  sand  in  an  embankment  to  restrain 
water,  a  case  in  my  own  experience  may  be  interesting.  I  was  building 
a  railroad  across  a  corner  of  the  Dismal  Swamp,  where  it  was  desirable 
to  avoid  culverts  wherever  possible ;  to  meet  all  the  conditions,  a  water- 
tight embankment  for  the  roadbed  was  essential.  There  being  a  good 
supply  of  fine  clay  near  at  hand,  I  used  it  in  preference,  but  soon  found 
that  the  bank  was  not  water-tight  and  was  rapidly  and  continually  being 
dissolved  away,  so  to  speak,  by  the  water,  notwithstanding  that  there 
was  seldom  anv  current.  There  was  fortunately  a  deposit  of  sea  sand 
nearby,  and  I  put  it  on  top  and  on  the  slopes,  about  6  inches  deep  on  the 
top  and  somewhat  thicker  at  the  toe  of  slope.  The  rains  soon  compacted 
the  sand  and  drove  it  into  the  clay,  forming  with  the  water  a  practically 
impervious  coating,  and  after  that  there  was  no  trouble  whatever.  It 
was  not,  you  will  observe,  the  sand  alone  that  did  that;  by  itself  the 
sand  would  have  been  too  unstable  even  against  the  winds.  I  found, 
too,  that  clay  and  sand  artificially  mixed  made  excellent  ballast  for  track, 
for  which  use  neither  alone  was  suitable. 

So  I  think  it  is  not  exactly  correct  to  condemn  clay  as  a  material  sin 
generis.  There  are  all  kinds  of  clays,  all  kinds  of  gravel  and  all  kinds 
of  sand.  As  the  artist  said  of  his  colors,  they  should  be  mixed  "with 
brains." 

John  Bog  art,  M.  Am.  Soc.  0.  E. — It  occurs  to  me  that  in  this  dis- 
cussion the  word  "  gravel  "  is  used  by  some  of  our  members  as  meaning 
quite  a  diflerent  material  from  the  material  which  is  si^oken  of  as  gravel 
by  other  members,  and  I  think  that  this  difference  of  meaning  exists  in 
different  parts  of  the  country.     At  many  places  the  word  gravel  is  un- 
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derstood  to  mean  a  mass  of  rounded  stone  of  varying  sizes.  This  sort  of 
gravel  occurs  in  very  large  deposits  at  many  places  and  it  is  similar  in 
tlie  form  of  its  constituent  parts  to  the  gravel  of  the  seashore. 

The  other  sort  of  gravel  is  made  up  of  stone  not  rounded,  but  rather 
of  flat  shajie,  and  with  many  particles  of  very  small  size,  but  still  not 
rounded.  It  is  with  this  latter  sort  of  gravel  that  tight  puddle  can  be 
made  without  the  admixture  of  clay,  and  it  is  to  this  sort,  doubtless,  that 
reference  is  made  in  speaking  of  gravel  used  for  puddle  aad  without  the 
admixture  of  other  material.  The  method  suggested  by  Mr.  Worthen  of 
determining  whether  a  gravel  will  puddle  would  apply  to  this  latter  sort  of 
material,  but  the  gravel  comj^osed  entirely  of  rounded  pebbles  of  varying 
sizes  will  not  make  a  tight  bank  alone,  and  in  many  places  where  clay 
occurs,  and  only  this  sort  of  gravel  can  be  found,  an  excellent  puddle  is 
made  by  a  suitable  admixture  of  the  two.  This  is  the  case  in  the  banks 
of  the  canals  of  the  State  of  New  York  at  many  points,  in  which  a  section 
of  such  jjuddled  material  is  formed  in  the  center  of  the  bank,  and  which, 
when  cut  into  afterward,  is  found  to  be  comiaact  and  imi^ervious. 

W.  R.  HuTTON,  M.  Am.  Soc.  C.  E. — I  find  clay  to  be  the  very  best 
material  to  make  a  water-tight  embankment.  I  have  not  known  it  to 
crack — it  has  this  disadvantage,  that  it  is  liable  to  be  jaerforated  by 
muskrats.  A  certain  amount  of  clay  is  almost  indispensable  in  making  a 
water-tight  bank,  although  a  very  small  proportion  in  sandy  or  gravelly 
material  will  be  sufficient,  if  well  puddled. 

Mendes  Cohen,  Pres.  Am.  Soc.  C.  E. — I  have  had  some  experience 
with  just  such  slippy  embankments  as  Mr.  North  has  described,  and 
have  found  the  trouble  due  not  so  much  to  the  material  of  the  bank,  as 
to  the  lack  of  proi:)er  preliminary  drainage  of  the  slopes  on  which  it 
rested.     As  soon  as  this  was  effected  the  slipping  ceased. 

J.  J.  R.  Ckoes,  M.  Am.  Soc.  C.  E. — The  relative  merits  of  clay  and 
gravel  for  restraining  the  jaassage  of  water  through  an  embankment 
were  discussed  very  fully  by  Mr.  William  J.  McAlpine  in  a  paper  read 
by  him  in  1868,  and  publisljed  in  Volume  I,  page  57,  of  the  Transadioiis 
of  the  Am.  Soc.  C.  E. 

A  favorite  axiom  of  the  author  was  thus  enunciated  in  that  paper: 
"Water  abhors  angles,  and  by  compelling  it  to  make  a  sufficient  num- 
ber, its  head  can  be  entirely  destroyed,  and  prevent  any  damage."  He 
continued:  "Many  young  engineers  fill  their  piling  trenches  with  clay 
puddling,  but  the  author  greatly  prefers  fine  gravel  with  a  little  loam 
mixed  with  it.  The  particles  of  clay  are  cohesive,  and  a  vein  of  water 
ever  so  small  which  finds  a  passage  under  or  through  clay  is  continu- 
ously working  a  larger  opening.  The  particles  of  fine  gravel,  on  the 
other  hand,  have  no  cohesion.  Such  a  vein  of  water  as  has  been  men- 
tioned first  washes  out  from  the  gravel  the  fine  particles  of  sand,  and 
the  larger  particles  fall  into  the  space,  and  these  small  stones  first  inter- 
cept the  coarser  sand  and  next  the  particles  of  loam  which  are  driven  iu 


692  Discussioisr  on  the  Holland  dikes. 

by  tlie  current  of  water,  and  thus  the  whole  mass  puddles  itself  better 
than  the  engineer  could  do  with  his  own  hands.  An  embankment  of 
gravel  is  comparatively  safe,  and  becomes  tighter  every  day;  one  of  clay 
is  much  tighter  at  first,  but  is  always  liable  to  breakage  from  the  causes 
already  mentioned." 

Mr.  MeAl2:)ine  stated  that  he  presented  this  paper  to  show  his  prac- 
tical experiences,  such  as  the  8ul)stitution  of  gravel  for  clay  to  resist  the 
escape  of  water  in  dangerous  places,  and  the  method  of  preventing  the 
passage  of  water  along  smooth  surfaces  by  fatiguing  it  with  angles. 
This  latter  principle  he  illustrated  by  his  use  of  sheet  piling  placed 
by  hand  instead  of  being  driven,  and  with  battened  joints. 

The  doctrine  of  Mr.  McAlpine  with  reference  to  puddling  is,  I  think, 
sustained  by  the  experience  of  engineers,  in  the  Eastern  States  at  least. 

By  the  term  gravel  is  not  meant  a  collection  of  clean,  round,  water 
washed  j^ebbles  of  nearly  uniform  size,  but  a  combination  of  small 
stones,  sand  and  loam  so  proportioned  that  all  the  interstices  between 
the  stones  will  be  thoroughly  filled  by  finer  material.  In  certain  propor- 
tions clay  is  valuable  in  such  a  mass,  provided  that  it  is  so  situated  that 
water  cannot  get  at  it  so  as  to  wash  out  the  clay,  which  consists  of  very 
fine  particles  capable  of  being  washed  away  by  the  action  of  running 
water. 

A  good  illustration  of  the  behavior  of  clay  when  used  for  puddling 
material  in  such  proportions  that  its  removal  from  the  mass  by  water 
very  seriously  disintegrates  the  whole  mass,  occurred  on  the  Ridgewood 
Reservoir  of  the  Brooklyn  Water-Works,  built  in  1857-60.  The  reser- 
voir and  embankment  were  built  of  material  taken  from  the  excavation 
and  well  rolled  and  rammed.  This  material  was  the  Long  Island  drift. 
Where  the  reservoir  was  excavated  below  the  natural  surface  of  the 
ground,  the  banks  were  dressed  to  a  slope  of  1.5  to  1,  and  a  puddle 
facing  18  inches  thick  at  right  angles  to  the  slope  was  put  on,  con- 
sisting of  clay  and  gravelly  earth  in  about  equal  j)roiJortions.  This 
material  was  wet,  and  cut  with  spades.  ABove  the  natural  surface,  the 
puddle  wall  was  carried  over  the  natural  surface  to  the  center  of  the 
embankment,  and  then  carried  up  vertically  in  the  center  of  the  embank- 
ment. These  banks  were  faced  with  a  slope  wall  of  sjilit  boulders  about 
12  inches  thick,  with  the  interstices  well  filled  with  pinners.  When  the 
reservoir  was  built,  the  water  dissolved  the  clay  out  of  the  jiuddle  and 
the  slojje  wall  slid  in  some  cases  and  settled  back  in  others,  and  it  was 
necessary  to  empty  the  reservoir  and  relay  the  whole  of  the  wall  in 
cement  mortar.  Since  that  time  I  have  never  attempted  to  use  clay  in 
puddling  to  which  water  could  find  access,  and  I  think  in  general  the 
less  of  such  material  that  there  is  used  in  jjuddliug  a  wall,  the  better 
the  wall  is. 

William  Stalling,  M.  Am.  Soc.  C.  E. — I  believe  in  maintaining  the 
purity  of  the  English  language,  and  am  altogether  opposed  to  the  intro- 
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duction  of  foreign  words  where  there  are  equivalent  expressions  to  be 
found  in  the  vernacular  tongue.  Where  these  do  not  exist,  it  conduces 
to  precision  and  brevity  and  avoids  awkward  circumlocutions  to  use  the 
foreign  term,  having  once  explained  its  meaning.  How  will  you  render 
into  pure  English  such  words  as  gondola,  kayack,  howdah,  samovar, 
diligence,  boomerang  ?  These  words  represent  things  which  do  not 
exist  in  England  or  America.  Consequently,  we  have  no  names  for 
them.  You  may,  if  you  choose,  call  a  gondola  a  barge,  or  a  samovar  a 
teakettle,  or  a  howdah.  an  elephant-saddle,  but  you  will  thereby  convey 
an  altogether  imperfect  and  erroneous  idea  of  the  things  alluded  to. 
How  shall  we  render  the  word  polder?  Shall  we  adopt  the  Indian  plan, 
and  call  it  a  diked-field-which-has-been-pumped-out  ?  and  shall  w^e  use 
this  paraphrase  whenever  w-e  wish  to  sjDeak  of  this  thing?  A  droog- 
mcikery  is  something  which  has  no  existence  outside  of  Holland,  so  far 
as  I  know%  and  there  is  therefore  no  equivalent  for  it  in  any  other  lan- 
guage. I  sujjpose  ^  perkoenpaal  might  be  called  an  anchoring-stake,  or 
a  zbikstuk  a  mattress,  or  a  lioofd  a  spiir-dike,  but  those  English  expres- 
sions would  convey  only  misleading  ideas  of  the  things  themselves, 
which  differ  widely  from  the  types  of  the  same  constructions  which  prevail 
among  us.  The  outlandish  words  used  are  not  more  than  half-a-dozen 
in  number.  The  above  list  comprises  nearly  all  of  them.  To  learn  that 
much  Dutch  cannot  be  a  serious  strain  to  a  moderately  robust  intellect. 

Metrical  measures  are  used  in  the  paper  when  the  dimensions  are 
derived  from  foreign  sources — feet  when  given  as  the  result  of  personal 
observation  or  estimation.  It  is  to  be  presumed  that  every  member  of 
this  Society  is  more  or  less  acquainted  with  the  metrical  system.  I 
have  no  special  familiarity  with  it  myself,  but  I  am  not  puzzled  when  I 
am  told  that  a  bank  is  four  or  five  meters  high.  I  cannot  think  that  is 
necessary,  every  time  the  word  meter  is  used,  to  put  after  it,  in  paren- 
thesis (3.28  feet).  To  render  metrical  dimensions  which  are  given  in 
round  numbers  into  feet  gives  an  a^jpearance  of  spurious  particularity. 
Suppose  it  is  said  that  a  berm  should  be  32.8  feet  wide,  the  question 
immediately  suggests  itself,  why  this  precise  distance?  But  if  the 
measure  be  given  as  10  meters,  we  readily  understand  that  no  special 
exactitude  is  required. 

The  remarks  on  the  use  of  clay  as  a  material  for  dikes  have  led  to  a 
very  interesting  and  instructive  discussion.  Some  gentlemen  seem  to 
have  interpreted  them  as  a  general  declaration  on  the  part  of  the  Dutch 
engineers  or  myself  in  favor  of  the  exclusive  use  of  j)ure  clay  in  water- 
tight bank  of  all  kinds.  It  ought  hardly  to  be  necessary  to  say  that 
this  is  a  grave  misconception,  which  could  only  have  arisen  from  a  very 
hasty  reading  of  the  jiaper,  and  a  failure  to  understand  the  conditiona 
of  dike  construction  as  they  exist  in  the  Netherlands  and  also  in  the 
Mississippi  Valley.  The  remarks  in  question  are  a  nearly  literal  trans- 
lation of  a  passage   in  Storm-Buysing's   "Manual,  "  supported  by  the 
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evidence  of  engineers  of  the  present  day.  It  was  tliought  best  to  give 
these  opinions  on  their  merits,  without  the  expression  of  any  individual 
views,  as  was  plainly  indicated  by  the  statement  that  they  had  been 
"  compiled  "  from  Dutch  authorities.  In  the  matter  of  dike  construc- 
tion, at  least,  the  Dutch  engineers  are  the  masters  of  the  world,  and 
their  expressions  are  entitled  to  great  weight,  even  when  they  differ 
from  our  own  notions.  In  order  that  it  may  be  seen  whether  I  have 
caught  the  meaning  of  the  author  correctly,  I  give  a  literal  rendering 
of  the  whole  passage  from  which  the  words  of  the  text  were  extracted: 

*'  The  earth  of  which  the  dike  is  to  be  composed  must  be  such  as  to 
cohere  readily  with  itself  and  with  the  soil  beneath  it.  The  more  co- 
hesion the  soil  has,  the  more  it  is  to  be  i? referred;  for  the  more  will  its 
different  parts  unite  and  form  a  compact  mass,  which  can  oppose  a 
resistance  to  the  water,  and  thus  furnish  a  tighter  dike.  Clay  is  thus 
the  most  suitable  earth  for  dikes,  and  for  the  most  part  is  to  be  found 
along  our  coasts,  where  dikes  are  to  be  built.  It  is  to  be  procured,  by 
preference,  from  the  outer  side,  but  when  the  foreshore  is  scanty  or 
wanting,  it  must  be  taken  from  the  land  side.  Sand  has  very  little 
cohei'ency,  and  does  not  afford  a  water-tight  and  strong  dike  (beloof t  geen 
waterdigten  en  sterken  dijk).  Peat  and  swamp  soil  have  too  little 
specific  gravity,  often  less  than  water  itself,  and  must  thus,  as  well  as 
sand,  be  rejected  from  the  dike.  Mould  or  arable  land,  though  far  in- 
ferior to  clay,  is  still  much  better  than  peat  or  sand,  packs  closely,  by 
reason  of  the  smallness  of  its  particles,  and  is  especially  suitable  for 
dressing  slopes  that  are  to  be  sodded,  as  grass  grows  very  well  upon  it. 
Clay  cannot  always  be  had  in  a  pure  state  or  in  sufficient  quantity,  so 
that  inferior  earths  must  sometimes  be  mixed  with  it.  But  if  the  pre- 
caution be  taken  to  work  the  best  and  purest  clay  on  and  near  the  out- 
side, and  the  inferior  sorts  in  the  body  of  the  dike,  such  sorts  may  be 
used  without  great  danger.  There  are  examples  of  dikes  that  consist  of 
very  sandy  soil  and  have  a  covering  of  only  one  meter  of  clay  on  the  outer 
slo23e,  yet  they  furnish  very  satisfactory  dams.  It  is  easy  to  be  seen,  how- 
ever, that  such  a  dressing  of  clay  must  be  treated  with  the  utmost  care,  and 
the  slightest  injury  to  the  outer  slope  must  be  immediately  repaired,  for 
if  so  much  of  the  clay  be  removed  that  the  water  comes  in  contact  with 
the  sand  or  jDeat,  very  little  confidence  can  be  placed  in  such  a  dike." 

It  will  be  seen  that  these  opinions  are  expressed  in  the  most  emphatic 
terms,  and  they  are  confirmed  by  the  General  Regulations  *  and  by  in- 
formation obtained  from  individual  engineers.! 

*  "  The  least  cohesive  uud  least  clayey  soils  are  worked  into  the  inner  slope  and  under 
the  crown  of  the  dike  ;  the  heaviest  and  most  clayey  soil  in  or  next  to  the  outer  slope." — 
"  Algemeene  Voorschrifteu,"  page  G. 

t  "At  nearly  every  point  where  dikes  are  necessary  along  our  rivers,  we  find  an  abun- 
dance of  clay,  which  is  produced  by  the  river  itself,  and  is  of  a  very  heavy  quality.  Of  this 
material  the  dike  is  coustiucled.  If  tliere  is  only  sand  to  be  got,  the  dike  is  made  a  great  deal 
larger,  and  the  outside  is  covered  with  a  tliickness  of  clay  amoimtiug  to  from  0.50  to  1.00 
meter.  *  *  *  I'luidle  walls  or  diaphragms  of  any  kind  are  never  used.  An  invariable 
rule  is  that  the  best  soil  must  be  worked  on  the  outside  of  the  diA;«."— Lieutenant  Wenckebach,  of 
the  Dutch  Engineers,  MS.  Communication,  188l>. 
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As  has  already  been  intimated,  these  remarks  are  not  to  be  under- 
stood as  applying  to  water-tight  banks  in  general — a  subject  which  did 
not  come  within  their  scope  at  all.  They  are  api^licable  only  to  dikes, 
and  Dutch  dikes  at  that,  and  must  be  understood  with  due  regard  to  the 
limitations  which  govern  that  class  of  construction  and  the  conditions 
which  prevail  in  their  own  and  similar  localities.  It  seems  that  it  is 
necessary  to  reiterate  that  the  rules  which  are  pi*escribed  for  the  buikl- 
ing  of  ordinary  dams  or  reservoir  walls  are  not  necessarily  or  even 
usually  ajiplicable  to  the  construction  of  dikes.  How  little  I  have  suc- 
ceeded in  making  this  understood  api^ears  from  the  fact  that  my  friend 
Mr.  Cartwright  supposes  that  I  have  advocated  the  use  of  pure  clay  as 
a  iDuddle — an  error  which  is  the  more  difficult  to  understand  as  there 
has  been  no  allusion  to  puddle  in  the  whole  paper— that  method  of  con- 
struction being  expressly  excluded.  It  cannot  be  made  too  plain  that 
dikes  are  necessarily  very  cheap  constructions,  comparatively  Ioav  in 
height,  and  exposed  to  the  action  of  water  only  for  a  limited  time. 
They  must  be  built  of  natural  soils  only,  no  mixture  by  artificial  means 
being  admissible.  The  choice  of  material  is  very  narrow,  being  confined 
to  such  as  can  be  obtained  within  the  limits  of  an  ordinary  haul.  All 
material  must  be  put  up  dry — the  levees  being  often  half  a  mile  or  more 
from  the  river,  and  water  being  usually  as  scarce  in  the  dry  season  as  it 
is  sui^erabundant  during  the  floods.  As  to  gravel,  it  might  as  well  be 
proj^osed  to  build  a  levee  of  diamonds.  Neither  in  Holland  nor  in  the 
Mississippi  Valley  is  any  gravel  to  be  found  in  the  alluvial  region,  except 
such  as  is  brought  in  barges,  hauled  by  rail,  or  mined  at  a  depth  of  fifty 
feet  or  so  beneath  the  surface.  We  are  thus  confined  to  clay,  sand,  and 
mixtures  of  the  two  in  variable  proportions.  Often  one  class  of  soil 
predominates,  but  sometimes  two  or  more  are  found  together.  In  such 
a  case,  it  is  possible  to  keep  the  classes  separate,  though  with  some 
trouble,  and  in  Holland,  as  we  have  seen,  this  is  done,  the  clay  being 
thrown  upon  the  front  or  water  slope,  and  the  sand  and  loam  constitu- 
ting the  l)ody  of  the  dike.  In  America  we  have  not  yet  attained  to  these 
refinements. 

Now,  "  clay  "  and  "sand"  are  themselves  very  indefinite  terms.  I 
am  a  little  surprised  to  see  from  some  experienced  engineers  such  hasty 
and  sweeping  declarations  about  clay  that  it  is  treacherous,  slippery, 
that  it  melts  away  like  sugar  or  salt.  Surely,  these  gentlemen  do  not 
require  to  be  reminded  that  there  are  innumerable  earths  embraced 
under  the  general  head  of  "clay,"  possessing  widely  dissimilar  qualities. 
The  plastic  clays  of  the  Mississippi  Valley  do  not  in  the  least  deserve 
these  reproaches.  On  the  contrary,  they  are  justly  regarded  as  the 
most  valuable  soil  that  we  have  for  the  construction  of  dikes — and  I 
suppose,  from  what  little  I  have  seen  and  read  of  the  clays  of  the  delta 
of  the  Ehine  that  they  are  very  similar  to  the  Mississippi  clays.  The 
latter  are  bluish  or  blackish  in  color,  tough  and  waxy  in  consistency, 
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and  resist  the  action  of  water  like  liard  soap.  When  dry,  they  break 
up  into  innumerable  small  fragments — whence  they  are  called  by  the 
general  name  of  "buckshot"  soil.  When  wet,  these  fragments  swell 
and  unite  into  a  compact  mass.  With  clay,  as  much  depends  on  the 
method  of  handling  as  upon  the  nature  of  the  material.  The  Mississippi 
<jlay  shows  to  the  best  advantage  when  massed  together.  Its  tenacity 
and  cohesive  power  then  come  into  jjlay  ;  whereas,  if  the  particles  be- 
come sepai'ated  from  one  another  and  intermixed  with  particles  of  other 
-  soils,  they  lose  this  distinctive  and  valuable  quality,  and  may  then  be- 
come unstable  and  treacherous.  Banks  of  clay  are  most  to  be  depended 
on  if  put  up  with  scrai^ers  or  wagons,  especially  wheeled  scrapers, 
where  it  is  closely  compacted  together.  Under  these  circumstances  it 
will  not  slip  or  '*  slump."  When  put  up  with  wheelbarrows,  it  is  very 
granular  in  texture,  and  while  still  green  is  aj^t  to  become  pasty  under 
the  action  of  water,  and  consequently  to  slip,  that  is,  on  the  land  side, 
for  I  have  never  known  it  to  slip  on  the  water  side.  After  settling  a 
year  or  so,  it  becomes  pretty  well  compacted,  and  seldom  slides,  even 
when  wet.  When  well  packed,  a  "buckshot  "  levee  constitutes  a  firm 
and  tough  mass,  almost  impervious  to  water,  resisting  the  wash  of  rain 
or  waves  admirably,  and  without  any  disposition  to  slip,  even  though 
•standing  at  a  pretty  steep  slope. 

The  power  of  resisting  the  action  of  water  is,  of  course,  an  extremely 
valuable  quality,  and  it  certainly  is  one  of  the  principal  reasons  for 
placing  it  on  the  outer  side  of  the  bank,  as  Mr.  Sears  supposes,  though 
not  the  only  reason,  as  the  Dutch  engineers  have  assured  us.  Its  use- 
fulness in  this  regard  is  shown  by  the  fact  that  it  constitutes  the  outer 
layer  of  the  hoofden,  and  of  the  bank-protections  of  diflferent  kinds. 

Clay  has  one  principal  defect.  It  does  not  stand  well  at  grade,  but 
settles  for  an  indefinite  time  and  very  irregularly,  so  that  "buckshot" 
levees  have  to  be  repaired  occasionally.  However,  such  levees  are  very 
strong  and  trustworthy.  Leaks  in  them,  when  they  occur,  are  not 
usually  dangerous,  for  they  hardly  "  cut  "  or  enlarge  at  all.  Water  may 
run  over  such  levees  for  hours  without  destructive  eJBfect.  A  dike  of 
this  material,  if  the  subsoil  is  good,  may  be  of  comparatively  small 
dimensions  and  yet  be  tight  and  safe. 

Pui'e  clay  is  rarely  to  be  met  with.  The  clays  of  the  Mississippi 
Valley  are  described  by  experts  as  being  "largely  siliceous"  in  com- 
position, and  in  Holland  it  is  known  that  the  clay  of  the  forelands,  or 
recent  deposits  outside  the  dikes  (the  hottures,  as  they  would  be  called 
in  Louisiana)  contains  a  considerable  quantity  of  sand,  for  which  rea.son 
it  is  preferred  for  dike-building  to  the  stiff  or  "  fat  "  clays  of  the  old 
sea-bottom,  which  are  harder  to  work  and  more  liable  to  crack  and 
split. 

I  myself  read  with  some  surprise  the  emphatic  condemnation  by  the 
Dutch  engineers  of  sand  as  a  material  for  dikes,  and  their  declaration 
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that  it  would  uot  make  a  water-tight  bank.  I  have  had  to  build  many 
sand  levees,  and  have  had  very  little  trouble  with  them.  I  am  inclined, 
therefoi-e,  to  think  that  the  words  above  alluded  to  are  not  to  be  taken 
too  literally,  but  rather  in  the  sense  that  a  much  greater  quantity  of 
this  material  must  be  employed  to  effect  the  desired  purpose.  band 
levees,  when  of  sufficient  size  and  thoroughly  sodded,  answer  very  well, 
always  stand  at  grade,  and  often,  though  not  always,  appear  to  be 
perfectly  dry  upon  the  back  slope.  It  is  possible  that  some  of  the  dis- 
crepancies of  opinion  and  observation  here,  as  elsewhere,  may  depend 
iipon  the  looseness  of  our  nomenclature.  There  is  very  little  pure  sand 
to  be  found  in  the  alluvial  soil  of  the  Mississippi  Valley.  It  is  mostly 
mixed  with  sufficient  soil  to  bind  its  particles  together.  The  defect  of 
a  bank  of  this  material  is  that  even  when  sodded  it  will  not  long  stand 
the  cutting  efi'ect  of  waves  or  overfall.  Should  a  breach  occur,  it  widens 
with  fearful  rapidity. 

The  Dutch  likewise  have  frequently  been  compelled  to  make  use  of  sand 
for  their  dikes.  In  such  cases,  when  the  dikes  are  important,  they  have 
been  made  of  enormous  dimensions,  and  covered,  as  already  stated,  with 
a  dressing  of  clay  on  the  front  slope.  The  great  Petten-Hondsbosch  and 
Westkapelle  dikes,  mentioned  in  the  text,  are  examples  of  sand  dikes. 

To  sum  up  the  case  :  dikes  can  be  built  only  of  natural  soils,  such  as 
are  found  on  the  spot  without  artificial  mixture.  Of  these  soils  there 
are  only  two  varieties,  namely  clay  and  sand,  mixed  in  various  jn-oijor- 
tions.  Of  these,  clay,  of  the  kind  prevalent  in  the  alluvial  regions  of 
Holland  and  the  Mississippi  Valley,  is  the  heaviest,  toughest,  tightest, 
and  least  subject  to  erosion.  It  requires  far  less  of  it  to  answer  the  same 
purpose.  Therefore,  it  is  jireferred.  Sand,  however,  can  be  made  to 
do,  if  used  in  sufficient  quantity. 

These  remarks  refer  only  to  dikes,  and  have  no  application  to  elabo- 
rate works,  designed  to  stand  great  heads,  where  expensive  methods  are 
admissible,  and  where  other  material,  such  as  gravel,  can  be  easilj* 
obtained. 

In  answer  to  Mr.  De  Courcey,  I  would  say  that  so  far  as  I  know,  no 
use  has  been  made  of  the  roots  of  the  basket  osier  as  a  protection  against 
erosion  or  sliding.  We  are  not  usually  troubled  much  with  the  latter, 
and  as  to  the  former,  our  levees  are  generally  too  far  back  from  the  river 
to  have  a  strong  current  against  them.  Where  the  velocity  of  the  cur- 
rent is  dangerous,  we  have  sometimes  used  spur-dikes. 

As  regards  the  alignment  to  be  given  to  the  ends  of  spurs,  I  think  no 
particular  attention  is  paid  to  it.  The  spurs  are  made  nearly  of  uniform 
length,  and  the  line  joining  their  ends  is  consequently  about  parallel  to 
the  bank.  In  "  caving  "  reaches,  the  latter  is  usually  concave  in  trace, 
and  hence  the  line  of  spurs  has  the  same  conformation.  This  is  con- 
trary to  the  practice  of  the  Dutch,  as  laid  down  in  the  text,  which  pre- 
scribes a  convex  plan. 
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In  Holland,  as  in  America,  tlie  questions  of  channel- improvement 
and  preservation  of  the  banks  have  been  closely  conjoined  with  that  of 
protection  against  overflow.  However,  those  problems  are  immeasurably 
more  difBciilt  iu  the  case  of  the  Mississipj)i  than  in  those  of  the  branches 
of  the  Rhine. 

Mr.  Richardson  refers  to  the  burrowing  of  various  animals  as  foi*m- 
ing  a  serious  difficulty  in  the  way  of  maintaining  a  system  of  levees,  and 
thinks  that  this  matter  demands  sjDecial  notice.  So  far  as  Holland  is 
concerned,  I  have  never  seen  any  mention  of  this  trouble  in  any  of  their 
books  or  sijecifications.  I  asked  one  of  the  most  accomplished  of  the 
Dutch  engineers,  Mr.  Leemans  whether  they  had  any  difficulty  in  this 
particular,  and  he  answered,  very  little — that  occasionally  they  were 
somewhat  annoyed  by  moles.  I  think  that  lower  Louisiana  must  be 
peculiarly  infested  with  pests  in  the  shape  of  boring  animals,  from  what 
I  have  heard,  in  the  strong  clay  soil  of  that  region.  In  Mississippi, 
Ijublic  opinion  is  a  good  deal  divided  as  to  the  part  played  by  these 
creatures  in  producing  leaks  in  or  under  the  levees.  Holes  often  appear, 
sjiouting  clear  or  milky  water,  and  sometimes  continue  unchecked  for 
years.  As  long  as  they  "run  clear  water"  and  are  not  formidable  in 
volume  or  number,  they  are  not  regarded  as  specially  dangerous,  and 
generally  nothing  is  done  except  to  keep  a  close  watch  on  them.  Should 
they  enlarge,  or  the  water  become  discolored,  they  are  usually  "  hooped," 
as  the  term  is,  that  is,  surrounded  by  a  low  semicircular  levee,  con- 
nected with  the  main  levee  at  both  ends,  on  the  land  side.  This  contriv- 
ance is  exactly  on  the  same  principle  as  the  Dutch  device  described  on 
page  571.  The  "  hoop  "  is  not  generally  brought  up  to  the  level  of  the 
external  water,  for  then  the  pressure  would  simply  be  transferred  to  the 
"hoop,"  which  would  not  be  desirable — but  it  is  built  2  feet  or  so 
below  the  external  level,  so  as  to  diminish  the  head,  lessen  the  flow 
through  the  hole  and,  hence,  the  tendency  to  erode,  and  yet  not  excite 
I,  disposition  to  break  out  again  elsewhere  in  the  weak  underground. 
Popularly,  the  crayfish  are  held  answerable  for  most  of  the  holes  that 
ajDpear,  but  I  do  not  think  a  case  has  been  made  out  against  them.  I 
have  had  many  hundreds  of  so-called  "crayfish-holes"  explored  and 
dug  out,  and  usually  a  decayed  stump  or  root  was  found  to  be  the  prime 
cause  of  the  mischief.  Where  levees  have  been  built  through  timbered 
land,  though  the  stumps  may  have  been  closely  cut  down  or  even  grubbed 
out,  yet  the  lateral  roots  cannot  be  extracted.  These  penetrate  to  great 
distances,  perhaps  entirely  under  the  base  of  the  levee.  Eventually  they 
decay  and  form  condiaits  for  the  water.  It  is  true  that  crayfish  are  often 
or  usually  found  in  them,  but  it  is  doubtful  whether  they  have  any 
agency  in  producing  or  enlarging;-  them.  These  leaks  are  generally 
found  in  levees  known  to  be  of  faulty  construction,  or  insufficient  in 
size,  and  most  of  them  disapi:)ear  when  the  levee  is  enlarged.  There  are 
various  animals  that  burrow  more  or  less  iu  levees,  and  elsewhere,  such 
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as  field-mice,  rats,  etc.  I  am  told  that  musk-rats  are  particularly 
troublesome  in  Louisiana.  One  bird  even — the  kingfisher — has  been 
detected  boring  horizontal  holes  as  much  as  8  feet  deep.  It  is  thought, 
with  much  probability,  that  beaver  have  caused  several  breaks.  These 
animals  are  becoming  rarer  and  rarer.  In  Mississippi,  I  do  not  consider 
the  danger  from  boring  animals  as  serious  when  the  levees  are  other- 
wise sound  and  strong. 

The  interesting  question  raised  by  Mr.  Richardson  as  to  the  trans- 
mission of  hydrostatic  pressure  through  weak  and  porous  soils  under 
the  dike,  is  worthy  of  careful  consideration.  It  may  be,  as  he  says, 
that  where  crevasses  have  resulted  apparently  from  this  cause,  cavities 
of  large  extent  existed  in  or  under  the  bank.  This  is  certainly  possible, 
though  in  my  opinion  not  likely,  at  least  in  all  cases,  for  many  cre- 
vasses of  this  nature  have  occurred  in  new  levees,  where  there  has  been 
no  time  for  the  formation  of  such  voids.  However  this  may  be,  the  j)ro- 
vision  against  such  a  possibility  would  be  of  the  same  nature  as  has 
been  suggested  for  the  other  case,  and  the  frequency  of  breaks  from 
underground  pressure  of  some  kind  demands  such  a  provision. 

Both  Mr.  Richardson  and  Mr.  Hider  seem  to  agree  with  the  Dutch 
engineers  in  attributing  small  importance  to  a  "  muck  ditch."  I  think 
they  have  the  strength  of  the  argument  on  their  side.  Nevertheless,  it 
appears  to  me  that  in  those  cases  where  I  have  used  large  and  well-con- 
structed muck-ditches,  they  have  cut  off  considerable  leakage. 

Mr.  Hider's  remarks  on  banquettes  I  think  perfectly  just.  There  is 
another  point  of  view  from  which  the  employment  of  banquettes  ajjpears 
to  be  correct  practice — and  that  is  the  altogether  faulty  cross-section  of 
levees  built  on  the  ordinary  model,  as  regards  hydrostatic  pressure.  The 
standard  section  of  the  Mississippi  levees  has  a  crown  of  8  feet  and  slopes 
of  3  to  1  on  each  side.  Such  a  levee,  with  the  water  standing  at  its  very 
top,  shows  a  proportion  of  breadth  of  base  to  height  of  external  water  as 
follows : 

At  the  water  surface 

1  foot  below  surface li  to 

2  feet  "  


3 

4 

8 

12 

20 


8  to    0, 

or 

00  to  1 

Uto    1, 

or 

14tol 

20  to    2, 

or 
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26  to    3, 

or 

8.7  to  1 

32  to    4, 

or 

8tol 

56  to    8, 

or 

7tol 

80  to  12, 

or 

6.7  to  1 

128  to  20, 

or 

6.4  to  1 

It  thus  appears  that  the  greater  the  depth  of  the  water,  the  less  the 
strength  of  the  levee,  the  weakness  being  manifested  at  the  most  danger- 
ous of  all  places— at  the  base.  The  greater  the  width  of  the  crown,  the 
more  conspicuously  does  this  defect  show  itself.  Now,  a  banquette  gives 
strength  where  it  is  most  needed,  and  in  an  economical  manner.    For  this 
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purpose  and  for  most  others,  the  shape  shown  in  the  newest  Dutch  con- 
structions is  the  best,  namely,  with  a  cross-section  of  a  long  segment. 
In  the  case  of  the  Mississippi  levees,  the  banquette  is  intended  to  be 
used  as  a  roadway  ;  hence,  it  must  have  a  regular  crown.  It  is  usually 
given  a  slope  of  5  to  1. 

In  practice,  it  has  been  found  that  standard  levees  of  8  feet  high  or 
less  never  break  ;  hence,  the  grade  of  the  banquettes  has  been  fixed  at 
that  distance  below  the  crown.     The  Dutch  usage  is  very  similai*. 
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